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CHAPTER 1. GENERAL INTRODUCTION TO BREEDING BIRD, 
INVERTEBRATE, AND WETLAND PLANT SEED RESPONSES TO TEMPORARY 
WETLAND RESTORATIONS 
Before European settlement the northern plains of North America, the region from 
Alberta, Saskatchewan and Manitoba through the Dakotas and western Minnesota to central 
Iowa, was characterized by numerous shallow depressional wetlands. These wetlands were 
interspersed in a matrix of mixed and tallgrass prairies in the region's southern reaches and 
aspen parklands in the north. Sporadic fires limited woody encroachment and were 
responsible for maintaining the open grassland landscape of the region. Wetland basins in 
the region, commonly referred to as prairie potholes, were created as glaciers advanced and 
retreated 12-14,000 years ago (Prior 1991). Potholes made up an estimated 8 million of the 
78 million hectare Prairie Pothole Region (hereafter PPR) before European settlement 
(Baldassarre and Bolen 1994). Density of potholes averaged 11.6 basins/ km2, ranging from 
about 4 basins/ km2 in parts of the Dakotas to 38/km2 in southwestern Saskatchewan. 
Variation in the density and geomorphology of potholes across the region reflect differences 
in climate and timing of glaciation. Basins in more recently glaciated areas such as the Des 
Moines lobe were historically more numerous and isolated than those in eastern South 
Dakota where the glacier retreated earlier. 
Prairie potholes are highly dynamic and productive systems. Hydrologic cycles 
fluctuate on temporal scales ranging from seasonal to decadal, corresponding to regional and 
cyclical variation in climatic patterns. Potholes typically are flooded most deeply in the 
spring, filled by snow melt and spring rain. Water levels tend to gradually recede through the 
summer to annual minima in the fall. Extended periods of drought may result in the drying 
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of all but the deepest basins. Changing water levels that facilitate nutrient recycling and 
abundant detrital inputs from wetland plants fuel the high primary and secondary 
productivity characteristic of glaciated northern wetlands. 
Plants are important indicators of wetland hydrology and are the basis of the wetland 
classification system developed by Stewart and Kantrud (1971) for wetlands in the PPR. In 
general, the complexity of vegetative patterns in basins increases with the duration and depth 
of flooding. Ephemeral (Type I) and temporary (Type II) wetlands have very short periods 
of inundation, ranging from days to around a month. Both wetland types are characterized 
by a single vegetative zone, typically grasses and sedges tolerant of short-duration flooding. 
Potholes characterized by longer and deeper flooding may possess more diverse zones of 
vegetation ranging from dense stands of emergents to open water, and are classified as 
seasonal (Type III), semi-permanent (Type IV), or permanent (Type V) wetlands. Basins 
with increasingly permanent flooding regimes may retain surface water year-round in all but 
the driest of years. 
Wetland-associated wildlife are adapted to the seasonal and long-term hydrologic 
cycle of prairie potholes. Early availability of temporary wetlands is vital for many species 
of wildlife. For example, early nesting waterfowl such as the Northern Pintail (Anas acuta) 
use temporary wetlands to acquire nutrients needed for egg production (Krapu 1974). During 
periods of drought when temporary wetlands are not available, this long-lived species may 
forego breeding and migrate to northern areas such as Alaska (Smith 1970). This strategy 
allows birds to survive until habitat conditions suitable for nesting return to the prairies 
(Nichols et. al. 1976). Similarly, aquatic invertebrates exhibit life cycles adapted to the 
hydrologic cycles of prairie potholes. Temporary wetlands present the harshest environments 
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for aquatic invertebrates. These basins typically have an invertebrate fauna that while often 
very abundant, generally is less diverse than that found in more permanently flooded 
wetlands (Euliss et. al. 1999). Mobility or short life cycles with drought resistant resting 
stages are essential for invertebrates typically found in temporary wetlands (Wiggins et. al. 
1980, Euliss et. al. 1999). Invertebrate occurrences may be influenced by agricultural 
disturbances of wetland basins (Euliss and Mushet 1999). Euliss et. al. (2001 , 2002) 
suggested that invertebrates are excellent indicators of wetland presence, and in addition to 
soil, hydrologic, and vegetative characteristics, can be used to identify wetlands that 
otherwise may be overlooked. 
Grassland and wetland habitats in the northern Great Plains have undergone 
substantial modification since settlement. Many landscapes have experienced extended 
periods of cultivation - in some cases dating to the late 1800's. Changes have been 
especially dramatic in the tallgrass region of Minnesota and Iowa, where less than 1 % of 
native prairies and pothole wetlands remain today (Bishop et. al. 1998, Smith 1998, Heard et. 
al. 2000). Wetland modification has been less severe in the Dakotas (35%, Dahl 1990), but 
small and temporary wetlands, the shallowest and most easily drained basins, have been 
severely impacted throughout the PPR. Impacts on regional and local hydrology in the 
southern reaches of the PPR have been substantial, resulting in altered sources, timing, and 
volumes of flooding. Sources of water for northern prairie wetlands have been changed from 
systems inter-connected through groundwater to isolated basins receiving water primarily 
from overland flow with minimal infiltration into surrounding watersheds. These changes in 
hydrologic patterns may have implications for spring-migrating wildlife dependent on 
wetlands in the region for stopover habitat. Indeed, populations of grassland and wetland 
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wildlife have been greatly affected by conversions of native habitats to agricultural uses. 
Long-term waterfowl population declines are thought to be related to changes in the number 
and quality of pothole wetlands (Beauchamp et. al. 1996). Similarly, declines in grassland 
bird populations also have been linked to land use changes in the landscape (Herkert 1994, 
Knopf 1994, Herkert 1995, Gerard 1995). 
Conservation titles of the 1985 Farm Security Act (hereafter, Farm Bill) contained 
disincentives for future drainage of wetlands (Swampbuster) and tillage of grasslands 
(Sodbuster). The 1985 Farm Bill also introduced the Conservation Reserve Program (CRP), 
which retired land from agricultural use for 10 years in return for rental payments. 
Establishment of perennial cover under CRP had a measurable affect on wildlife populations 
(Heard et. al. 2000). Research has suggested that grasslands, primarily restored through the 
CRP, support more species diversity and greater species abundance of grassland birds than 
do row-crop fields (Best et. al. 1997, McCoy et. al. 1999, Best et. al. 2001). Further, CRP 
habitats have been shown to provide important nesting habitat for waterfowl, contributing to 
the production of an additional 12.4 million ducks in the pothole region between 1992 and 
1997 (Kantrud 1993, Reynolds et. al. 1994, Reynolds et al. 2001). 
The Wetland Reserve Program (WRP), established in 1990, was the first USDA 
program to focus on wetland restoration. WRP utilizes easements ranging in duration from 
10 years to 99 years (perpetual), and was established with multiple goals in mind, the 
foremost being provision of habitat for migratory birds. Nationwide, WRP has restored over 
485,000 hectares (1.2 million acres) of wetlands types ranging from freshwater potholes to 
bottomland hardwood swamps to coastal saltwater marshes (USDA 2003). Like CRP, WRP 
is a voluntary program; applications are ranked according to factors such as size, potential for 
5 
restoration, proximity to other important habitats, and location in relation to state wetland 
priorities. 
In 2001 the Farmable Wetland Program (FWP), an option under the continuous sign-
up CRP, was added to the suite of programs available to restore wetlands on private land. 
FWP is unique in its focus on small wet areas in cultivated fields designated as prior-
converted (PC), or farmed wetland (FW) by the Natural Resources Conservation Service 
(NRCS). The program affords conservationists with an opportunity to restore temporary 
wetlands. FWP was initially introduced as a pilot project limited to the six states in the PPR. 
Although FWP was expanded nationwide in 2002, no contracts had been approved outside 
the PPR by spring 2003 (USDA 2003). Currently, up to 40,485 hectares (100,000 acres) may 
be enrolled into FWP in any given state until a 404,858 hectare (1 million acre) nation-wide 
cap is reached. FWP has been actively implemented throughout the southern PPR, especially 
in Iowa, southern Minnesota, and eastern South Dakota. In Iowa, FWP wetlands have been 
restored through simply ceasing farming practices, as well as through extensive modification 
of drainage systems. In South Dakota, FWP is used similarly to restore pothole wetlands, as 
well as to protect sloped linear wetlands unique to the eastern part of the state. In both states, 
planting mixtures on FWP sites range from cool-season introduced species to predominately 
warm-season native species of grasses and forbs. 
Under FWP, landowners are allowed to enroll wetlands of up to roughly 2-ha (5- ac) 
and a buffer ranging minimally from a 9.1 m (30 ft) wide buffer around the wetland to 
maximally three-times the area of the wetland, for a total of not more than approximately 
8.1-ha (20-ac) per site. A total of 16.2-ha (40-ac) may be enrolled on any single piece of 
property (USDA 2001). Methods followed to reconstruct wetland and upland components of 
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FWP easements vary from site to site. Extent of hydrologic restoration varies from cessation 
of agricultural production (i.e., no restoration) to construction of berms and drainage ditch 
plugs. Vegetative reconstruction ranges from the planting of mixes of cool-season 
introduced species to predominately warm-season native species of grasses and forbs. 
The FWP offers potential opportunities to restore wetland functions to the southern 
PPR; however, the creation of small isolated habitats in an agriculturally dominated 
landscape poses some potential risks for wildlife that might settle on these habitat fragments. 
Studies of avian use of linear habitats in Iowa such as roadsides, terraces, waterways, and 
conservation buffers established under the CRP have documented high use by breeding and 
non-breeding birds (Bryan and Best 1991, Best et. al. 2001 , Knoot 2004, Henningsen and 
Best 2005). However, birds nesting in habitats with high edge to area ratio have been shown 
to have reduced nesting success (Bryan and Best 1994, Clark and Bogenschutz 1999, Winter 
and Faaborg 1999, Herkert et. al. 2003, Henningesen and Best 2005). FWP sites embedded 
in an agriculturally dominated landscape potentially subject nesting birds to similar risks. 
Drastically altered hydrology, extended periods of cultivation, sedimentation, and invasive 
species pose additional challenges to resource managers seeking to restore ecological 
functions to FWP sites (Gleason 2001). 
I undertook this study in support of resource managers seeking to optimize the 
potential wildlife and environmental benefits of the FWP in Iowa and eastern South Dakota. 
Results from my study allow state and national program managers to understand ecological 
consequences of the FWP and enable NRCS field staff and their conservation partners to do a 
better job of planning, implementing, managing, and maintaining FWP sites for wildlife. 
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THESIS ORGANIZATION 
This thesis presents the results of my research on the FWP in north-central Iowa and 
eastern South Dakota from 2002-2005. This information is organized into three papers to be 
submitted to peer-reviewed scientific journals. The first paper (Chapter 2) examines use of 
FWP wetland restorations in north-central Iowa by breeding bird communities. I evaluated 
the responses of bird communities to levels of hydrologic treatment, types of vegetative 
seedings, FWP site size, and the influence of surrounding landscape factors. The second 
paper (Chapter 3) examines the aquatic macroinvertebrate community and seed occurrences 
in FWP wetlands in relation to level of hydrologic treatment, depth and duration of flooding, 
and landscape characteristics such as distance to other aquatic habitats. The third paper 
(Chapter 4) evaluates use of South Dakota FWP sites by breeding waterfowl and ring-necked 
pheasants. I assessed the influence of hydrologic treatment and type of vegetative seeding on 
waterfowl and pheasants, as well as the distinguishing characteristics of successful and 
unsuccessful nests. Chapter 5 contains general conclusions from this research. 
Ryan N. Harr designed the studies contained herein, assisted with obtaining 
supplementary funding, collected and analyzed the data, and prepared this text. Dr. William 
L. Hohman provided primary funding, assisted with study designs, and provided advice and 
editorial comments. 
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CHAPTER 2. BREEDING BIRD COMMUNITY RESPONSES TO RESTORED 
TEMPORARY WETLANDS IN NORTH-CENTRAL IOWA, USA. 
A paper to be submitted to the Journal of Wildlife Management 
Ryan N. Harr 
ABSTRACT 
Conversion of native prairie and wetland landscapes in the Prairie Pothole Region to 
commodity rowcrop agricultural production has left only small fragments of native habitats 
intact and has substantially altered regional hydrology. In 2001, the Farmable Wetland 
Program (FWP) was introduced as a pilot program under the continuous Conservation 
Reserve Program to afford landowners the opportunity to remove small wet areas (former 
temporary wetlands) from production, while concomitantly providing opportunities for 
resource managers to restore temporary wetland habitats. I undertook this study to evaluate 
the effects of site- and landscape-level factors on the use of FWP sites by wetland- and 
grassland-associated birds. Size of the restored site was related to bird occurrences. FWP 
sites received more bird use than cultivated sites, but I found no differences in bird use 
between extensive and minimal hydrologic treatments. Live vegetation height and density as 
well as forb cover were important explanatory factors of bird use. Landscape factors were of 
limited usefulness in understanding bird use of FWP sites. I attributed poor performance of 
landscape models to the lack of variation in the intensely agricultural landscapes surrounding 
FWP sites in my study. As in other studies of bird use of habitats with high edge to area 
ratios, I found high avian use, but low nesting success on FWP sites. Priority should be 
given to FWP applications located in areas with substantial amounts of existing perennial 
habitat in the landscape to reduce negative influences on nest success. Managers should 
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consider plantings including separate wetland and upland species in seeding mixes that will 
provide diverse structure and cover types for wetland and grassland birds. Additionally, 
better follow-up management is recommended for establishment of warm-season planting 
mixes. 
Key Words: Temporary wetlands, Farmable Wetlands Program, Prairie Pothole Region, 
grassland birds, landscape, Iowa, conservation value 
INTRODUCTION 
The vast grasslands and abundant wetlands characteristic of the northern Great Plains 
of North America have undergone substantial modification since European settlement. 
Changes have been especially dramatic in the tallgrass region of Minnesota and Iowa, where 
less than 1 % of native prairies and shallow depressional wetlands remain today (Bishop et. 
al. 1998, Smith 1998). Rowcrop agricultural production has become the dominant land use 
in much of the southern Prairie Pothole Region (PPR). Impacts on regional and local 
hydrology in the southern reaches of the PPR have been substantial, resulting in altered 
sources, timing, and volumes of flooding. Sources of water for northern prairie wetlands 
have been changed from systems inter-connected through groundwater to isolated basins 
receiving water primarily from overland flow with minimal infiltration into surrounding 
watersheds (Kantrud et. al. 1989). Populations of grassland and wetland wildlife have been 
greatly affected by conversions of native habitats to agricultural uses. Long-term waterfowl 
population declines are attributed to changes in the number and quality of pothole wetlands 
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(Beauchamp et. al. 1996). Declines in grassland bird populations also have been linked to 
land use changes in the landscape (Knopf 1994, Gerard 1995, Herkert 1995). Wetland bird 
(other than waterfowl) trends are less clear because monitoring protocols used in the 
Breeding Bird Survey tend to under-sample wetland habitats (Herkert 1995). Nonetheless, 
increased inclusion of wetland species on state and regional concern lists would seem to 
indicate that the group has experienced similar declining trends (Herkert 1995, Rich et. al. 
2004). 
Conservation titles of the 1985 Farm Security Act (hereafter, Farm Bill) contained 
disincentives for future drainage of wetlands (Swampbuster) and tillage of grasslands 
(Sodbuster). The 1985 Farm Bill also introduced the Conservation Reserve Program (CRP), 
which retired land from agricultural use for 10 years in return for annual payments equivalent 
to local crop rental rates. Establishment of perennial cover under CRP had a measurable 
affect on wildlife populations (Heard et. al. 2000). In the Midwest and northern Great Plains, 
CRP grasslands were found to support greater species diversity and abundance of grassland 
birds than row-crop fields (Best et. al. 1997, McCoy et. al. 1999, Best et. al. 2001). Ryan 
(2000) concluded that "evidence accumulated to date indicates that CRP habitat in the 
Midwest likely contributes to the population stability or growth of many, but not all , 
grassland species." CRP habitats have been shown to provide important nesting habitat for 
waterfowl in the northern Great Plains, contributing to the production of an additional 12.4 
million ducks in the pothole region in between 1992 and 1997 (Kantrud 1993, Reynolds et. 
al. 1994, Reynolds et al. 2001). 
In 2001, the Farmable Wetland Program (FWP) was added to the suite of programs 
available to restore wetlands on private lands. FWP is unique in its focus on small wet areas 
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in cropland. Temporary wetlands (classification following Stewart and Kantrud 1971) 
targeted in FWP are disproportionately absent from the intensive agricultural landscape of 
the southern PPR, due to the ease of their conversion to agricultural uses and previous lack of 
emphasis in wetland restoration schemes (Kantrud 1990, Galatowitsch and van der Valk 
1996). Temporary wetlands are typified by short duration flooding, with peak water levels 
occurring in spring following snowmelt and gradually receding to mid summer when 
temporary basins are commonly completely dry. Periodic rainfall events may briefly reflood 
basins for a few days to a few weeks. Temporary wetlands are highly productive, providing 
plant and invertebrate foods needed by migrational staging, and breeding waterfowl (e.g. 
Dwyer et al. 1979, Duebbert and Frank 1984, LaGrange and Dinsmore 1989, Krapu et al. 
1997, Krapu et al. 2000). 
Under FWP, landowners are allowed to enroll wetlands of up to roughly 2-ha (5- ac) 
and a buffer ranging minimally from a 9.1 m (30 ft) wide buffer around the wetland to 
maximally three-times the area of the wetland, for a total of not more than approximately 
8.1-ha (20-ac) per site. A total of 16.2-ha (40-ac) may be enrolled on any single piece of 
property (USDA 2001). Methods followed to reconstruct wetland and upland components of 
FWP easements vary from site to site. Extent of hydrologic treatment varies from cessation 
of agricultural production (i.e., no restoration) to construction of berms and drainage ditch 
plugs. Vegetative reconstruction ranges from the planting of mixes of cool-season 
introduced species to predominately warm-season native species of grasses and forbs. 
Whereas the FWP offers the potential to restore temporary wetland functions and 
habitats, the establishment of small habitat patches in agriculturally dominated landscapes 
characteristic of the southern PPR poses potential risks to birds that settle on FWP sites. 
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Studies of avian use of linear habitats in Iowa such as roadsides, terraces, waterways, and 
conservation buffers established under the CRP have documented high use by breeding and 
non-breeding birds (Bryan and Best 1991, Best et. al. 2001, Knoot 2004, Henningsen and 
Best 2005). However, birds nesting in habitats with high edge to area ratio have been shown 
to have reduced nesting success (Bryan and Best 1994, Clark and Bogenschutz 1999, Winter 
and Faaborg 1999, Herkert et. al. 2003, Henningesen and Best 2005). FWP sites embedded 
in an agriculturally dominated landscape potentially subject nesting birds to similar risks. 
Drastically altered hydrology, extended periods of cultivation, sedimentation, and invasive 
species pose additional challenges to resource managers seeking to restore ecological 
functions to FWP sites (Gleason 2001). 
In support of resource managers seeking to optimize environmental benefits of USDA 
conservation programs, my study examined breeding bird use of temporary wetlands restored 
via the FWP in the southern PPR in relation to hydrologic and vegetative treatments, 
easement size, and surrounding landscape features. I expected that bird species richness and 
abundances would be greater on larger sites where more extensive vegetative and hydrologic 
treatments were undertaken. I anticipated that nest success would be positively related to site 
area; however, because of increased risks of nest predation commonly recorded for birds 
using habitats with high edge ratios, I expected overall nest success to be low in FWP sites. I 
further predicted that bird diversity and abundance would be positively related to the 
percentage of wetland and grassland habitats in the local landscape. 
STUDY AREA AND METHODS 
Study Area 
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I selected FWP sites located across four counties in north central Iowa's PPR (Figure 
1, Appendix 1). The gently rolling landscape of Iowa's PPR was shaped as the 
Wisconsonian glacier receded northward 12-14,000 years ago (Prior 1991), and has been 
nearly completely converted from a tallgrass prairie and wetland matrix into an intensive 
agricultural system dominated by com (Zea maize) and soybeans (Glycine max). 
Climatological data for the study was gathered at Algona, Iowa (Kossuth County), 
located at the approximate center of the study area. Long-term average monthly 
temperatures for the study area are 13.7 °C, 18.9 °C, and 21.6 °C for May, June, and July, 
respectively. Temperatures in 2003 did not deviate from long-term averages. Temperatures 
were similar in 2004, with the exception of July, which was cooler at 20.2 °C. Monthly 
precipitation for the area averages 10.5 cm in May, 11.8 cm in June, and 9.9 cm in July. 
Only June 2003 was wetter than normal (16.7 cm); however, May (18.9 cm) and July (15.4 
cm) 2004 received much higher than normal rainfall (NCDC 2005). 
Site Selection 
Information on age (i.e., years since establishment), size, and extent of hydrologic 
and vegetative treatments for all FWP sites was obtained at USDA Service Centers to 
identify a pool of 400 candidate sites that were at least 2 years old (i.e., 2 growing seasons). 
Hydrologic modifications were classified as minimal (cessation of farming practices, closing 
of surface intakes, blocking of small subsurface tiles) or extensive (blocking of subsurface 
tile lines, re-routing and/or installation of non-perforated tile lines, building of impoundments 
and dikes). Mixes of cool-season, introduced species or warm-season, native species were 
17 
planted on FWP sites. Cool-season seeding mixes included species such as smooth 
bromegrass (Bromus enermis), orchardgrass (Dactylis glomerata), and alfalfa (Medicago 
sativa), or clover (Trifolium spp.). Warm-season seeding mixes typically included native 
species such as switchgrass (Panicum virgatum), big bluestem (Andropogen gerardii), and 
indiangrass (Sorghastrum nutans). I used a stratified random sampling strategy to select 48 
FWP restorations, distributed proportionally by geographic location and size: 0 - 4.0 ha, 4.0 
- 8.1 ha, 8.1 - 12.1 ha, and 12.1 - 16.2 ha. Study site distribution thus reflected landowner 
enrollment patterns. These 48 sites represented four combinations of hydrologic and 
vegetative treatments (12 sites per group). An additional group of 12 farmed basins 
randomly were chosen as control sites. These sites were drained basins still in agricultural 
production but eligible for FWP enrollment if the landowner so chose. Two cultivated sites 
enrolled into conservation easements following the 2003 field season were replaced in 2004 
with suitable cultivated basins located less than 2 km from the original site. 
FWP Site Hydrology and Vegetation 
Sites were visited at approximately weekly intervals May - July 2003 and March -
July 2004. During these visits, basin flooding conditions (presence or absence of surface 
water) were recorded. Vegetation measurements were taken during early June of each year, 
after birds had returned from migration and were actively establishing territories and nests. 
Vegetation measurements were taken at 10-m intervals along a 50-m transect extending from 
the approximate center of the restored basin in a randomly chosen cardinal compass 
direction. Plants were identified to genus and species whenever possible to record vegetative 
species richness, dominance categories, and percent canopy coverage measurements. These 
measurements were taken using a 1-m2 quadrat, modified from Daubenmire (1959). Visual 
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obstruction measurements (± 0.1 m) were recorded using a Robel pole observed from 4 m 
away at a height of 1 min each of the 4 cardinal directions (Robel et al. 1970). Maximum 
vegetation heights, litter depth, and water depth were taken using a standard meter stick (± 
1.0 cm). 
Bird Use of FWP Sites 
Bird Surveys. - I assessed breeding bird use of FWP sites using 50-m fixed-radius 
point counts (Bibby et. al. 1992, Ralph et. al. 1995). Fixed radius point counts were used due 
to the relatively small size of some of the restorations (- 1.0 ha) and the ineffectiveness of 
transect surveys on small areas (Bibby et. al. 1992). Point count stations, marked with a 
permanent wooden stake, were positioned at the approximate center of the wetland basin 
restoration such that the survey area was completely contained within easement boundaries. 
For sites with more than one basin within the easement, the basin to be sampled was 
randomly chosen. 
To record the presence of waterfowl and other birds likely to flush and not return 
during the survey, sites were scanned prior to entering to conduct a point count. Birds 
flushed by observers within the survey area while proceeding to the point count station (e.g., 
ring-necked pheasant, (Phasianus colchicus) also were recorded. Upon reaching the point 
count station, observers waited 5 minutes before starting the survey to minimize the effects 
of observer disturbance. During 5-minute surveys observers recorded the species, sex, 
minute, and means of detection (i .e., visual, song, call) for each bird detected within the 50-m 
defined perimeter. Birds observed actively feeding over the survey area were counted but 
those seen flying over the site were not. Sites were visited three-times each season at 
approximately 21-d intervals. Counts were conducted between 0600 and 0930 hours under 
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calm to light wind(> 16 k/h) and rain-free conditions (Ralph et. al. 1995). Field personnel 
were trained in bird identification by sight and song before the start of fieldwork, and were 
rotated among sites during the season to minimize observer bias. 
Nest Searches. - In 2004, I randomly selected a subset of 20 of the 60 total sites (4 
sites per hydrologic X vegetation treatment and 4 cultivated sites) for nest searching. Sites 
were searched for nests three-times during the season at approximately monthly intervals: 18-
25 May, 14-25 June, and 15-23 July 2004. Searches were conducted by spacing three 
observers approximately 2 m apart, proceeding slowly and systematically through the entire 
site, carefully parting the vegetation with poles while remaining observant for flushing birds. 
When a nest was located, I recorded the number and status of host eggs, presence of brown-
headed cowbird (Molothrus ater) eggs or young, behavior of adults, and distance to wetland 
basin edge. Active nests were marked by placing a wooden stake approximately 10 m away 
to minimize potential detection by predators. Nests, approached from different directions, 
were visited once every three to five days to determine fate. Nests were considered 
successful if at least one egg hatched. Upon termination, vegetation measurements 
(described above) were taken at the nest site. Height to nest rim, distances to basin and 
nearest edge, and cause of termination were also recorded. 
Landscape Analysis. -FWP wetland and buffer size was obtained from USDA CRP 
records. All sites were mapped using a Garmin OPS V hand-held OPS receiver. This OPS 
data was subsequently downloaded into Arc View 3.2 Geographic Information System (GIS) 
software (ESRI 1999), where it was overlaid on 2002 color-infrared imagery at a pixel 
resolution of 2x2 m provided by USDA-NRCS and Massachusetts Institute of Technology. 
Following Ribic and Sample (2001) and Knoot (2004), I mapped the following landcover 
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types to a radius of 800 m: rowcrop; woody cover; herbaceous cover - pasture, Conservation 
Reserve Program easements, Waterfowl Production Areas, small grains, and hayland; 
linear/strip cover - road ditches, fencerows, and waterways; wetland; open water - ponds and 
rivers; farm/development; road. I ground-truthed all sites to verify land cover classifications. 
For analyses, wetland and water, woody and farm/development, and herbaceous and linear 
cover categories were separately combined. Areas of the remaining five cover types were 
converted into a percentage of landscape metric. Because previous investigators have found 
that edge density metrics are important predictors of bird use (e.g., Fletcher and Koford 
2003), I applied Arc View's Patch Analyst extension to calculate number of patches, edge 
densities of herbaceous cover (CRP, pasture, hayland, etc.) and total herbaceous cover (all 
block habitat plus linear/strip cover). I also computed distances from the point count station 
to nearest adjacent aquatic and non-linear herbaceous habitats. 
Statistical Analysis 
Habitat components. - I used analysis of variance to test for differences between 
years in duration of flooding for hydrology treatments and for differences vegetation 
structural variables (PROC MIXED, SAS 2003). Maximum likelihood estimation was used 
for all models, and site was incorporated as a random effect. I found few differences in 
vegetation measurements between vegetation or hydrologic treatments (Tables 1 and 2). I 
therefore pooled the vegetation data by year and used Principle Components Analysis (PCA) 
to derive primary vegetational gradients for the data. I incorporated year as a variable in all 
subsequent bird models. A varimax rotation was used to improve interpretability of the PCA 
with principle components loadings of greater than ±0.5 considered important (McGarigal et. 
al. 2000). I retained four components for use in analyses of bird occurrences. 
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I investigated the association between the principle components derived from the 
habitat measurements with actual plantings mixtures using a hierarchical cluster analysis 
procedure (PROC CLUSTER SAS 2003) with average linkage fusion (McGarigal et. al. 
2000). I examined cluster dendrograms and icicle plots produced by the analysis, and 
calculated mean values for each of the principle components for each cluster (Figure 2). I 
used a one-way analysis of variance with least-squares means for individual pairwise 
comparisons between clusters. 
Avian use. - Prior to initial analyses, I examined richness and abundance data sets by 
survey round. This examination revealed that several species of birds exhibited seasonal 
differences in detections; therefore, I used the annual maximum abundance value of each 
species in all analyses that followed. I conducted analyses of covariance to assess the effect 
of hydrologic treatment, year, site size, habitat factors, and duration of flooding on species 
richness, nesting species richness, conservation value, and maximum abundances of all birds 
and grassland- and wetland-associated bird suites (PROC MIXED, SAS 2003). Preliminary 
analyses of maximum bird abundance indicated that a single outlying value heavily 
influenced the results. Because this observation included two large flocks of non-breeding 
individuals, the value was subsequently removed from further analyses. I assigned birds into 
grassland or wetland suites based on Ehrlich et. al. (1988), Kent and Dinsmore (1996), and 
Vickery et. al. (1999). Conservation value was calculated by multiplying the maximum 
abundances of each species recorded at a study site by its Partners in Flight (PIF) 
prioritization score and summing for all species recorded at the site in a particular year 
(Nuttle et. al. 2003, Benson 2003). I calculated an average PIF score for species atypical of 
PIF's Physiographic Region 40 (Northern Tallgrass Prairie). 
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I specified maximum likelihood estimation and treated site and year as random effects 
for all models of bird occurrence. I examined residual plots for all response variables to 
check for normality. I used Satterthwaite's method for calculating degrees of freedom in all 
analyses as it properly adjusts degrees of freedom for unbalanced datasets (SAS 2003; Philip 
Dixon, Ivan Ramler, personal communication) and Tukey's adjustment for multiple 
comparisons when evaluating differences in least-squares means between levels of 
hydrologic restoration. Distribution of the maximum wetland associated bird abundance 
response variable displayed a Poisson distribution, so I used PROC GLIMMIX with 
Satterthwaite's method for degrees of freedom and Tukey's adjustment for multiple 
comparisons between hydrologic treatments to analyze this dataset (SAS 2005). I removed 
vegetation treatment as a categorical variable from my analysis because preliminary analyses 
of bird occurrence models indicated that vegetation treatment was likely confounded with the 
derived principle components. I considered a S 0.05 as evidence of a significant relationship. 
I calculated nest success to hatching following Mayfield (1975) and Johnson (1979). 
I tested for differences in daily survival rate (DSR) between minimal and extensive 
hydrologic restorations by examining least-squares means pairwise comparisons. 
I assessed the influence of landscape factors on species richness, conservation value, 
and maximum abundances of grassland, wetland, and all birds using multiple linear 
regression. I developed a set of a priori landscape models for each of the bird use variables. 
I first analyzed a global model including nine measures of landscape composition and 
configuration, followed by models incorporating reduced sets of variables to assess the 
influence of cover types, edge densities, distances to nearest adjacent habitats, and 
combinations of these factors (Table 7). To avoid problems of multicollinearity that can 
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reduce the explanatory power of regression models (Ribic and Sample 2001 , Ramsey and 
Shafer 2002, Quinn and Keogh 2002), only landscape variables that were not strongly 
correlated with one another (i.e., Pearson correlation coefficient of I r I 2: 0.70) were included 
in analyses (Quinn and Keogh 2002, Fletcher and Koford 2002, Henningsen 2003). I used 
Akaike's Information Criterion (hereafter AIC) corrected for small sample sizes (AICc) to 
select the regression model that was most supported by the dataset. Models with a 6AICc 
(i .e., AICc - minAICc) of :S 2 were considered to be closely competing. I used Akaike 
weights to determine the model from a closely competing set of models that was most 
supported by the dataset (Burnham and Anderson 2002). 
RESULTS 
Site Hydrologic Patterns 
Site hydrology changed seasonally and annually. The proportion of basins flooded 
remained relatively constant in 2003 (<30%), except in mid July when >50% of sites with 
extensive hydrologic treatment were flooded (Figure 2). Peak flooding of FWP sites in 2004 
occurred in May when > 70% of basins were inundated. In both years, :S 10% of basins were 
flooded in late July. The proportion of flooded FWP sites was generally greatest at sites with 
extensive hydrologic treatment (Figure 2). 
Site Vegetation Responses 
Vegetative characteristics of cultivated basins obviously differed from those 
measured at FWP sites, but I detected few differences in vegetation measurements among 
planting mixtures or hydrologic treatments between years (Tables 1 and 2). Vegetative 
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stands in 2004 generally exhibited reduced height and canopy coverage of new growth and 
increased coverage of standing dead vegetation, litter, and increased litter depth. 
The four principle components from the PCA captured 76% of the variation contained 
in the original vegetation dataset (Table 3). The first principle component (PCl) described 
density of live vegetation with strongly positive loadings by vertical density (VOR), 
maximum live height, and percent grass canopy coverage. The second gradient (PC2) 
described standing dead and litter cover gradient with maximum dead height, litter depth and 
percent litter coverage loading in the positive direction and percent bare ground having a 
strongly negative loading. Water depth and coverage strongly loaded on the third (PC3) axis 
(the flooding gradient), as did percent sedge/rush coverage to a lesser extent. Percent forb 
coverage was the single important variable loading on the fourth axis (forb gradient). 
Cluster analysis revealed five primary groupings of sites based upon the principle 
components scores (Figure 4). The first cluster consisted almost exclusively of cultivated 
sites (i.e., basins still in agricultural production) and had the lowest mean principle 
component scores for all four components. The second cluster was the largest and had the 
highest mean score for PC2, indicating a predominance of standing dead vegetation and litter 
cover. Cluster 3 separated itself on the basis of standing water and wetland vegetation, with 
higher PC3 scores. A fourth cluster grouped 19 sites together and had the highest mean score 
for PCl, indicative of tall, dense vegetation. The fifth cluster consisted of only seven sites 
distinguished on the basis of their high forb composition (PC4). 
Avian Use 
Species Richness. - Fifty-one species of birds were recorded during the study: 37 in 
2003 and 43 in 2004 (Appendix 2). Species richness recorded at individual sites over the 
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field season ranged from 0 to 13 species. After discounting all higher order interactions (F2, 
97.7 :S 2.53; p 2: 0.0846), I found no evidence of a hydrologic treatment X site size interaction 
(F2,5o.8= 0.18;p = 0.8352). Though I found no differences in species richness between years 
(F1, 81.3 = 0.60; p = 0.4413), I observed a shift in community composition. Species richness 
of wetland obligate birds was greater in 2004 than in 2003 (F1, 58 = 11.66; p = 0.0012). 
Hydrologic treatment influenced species richness (F2, 73.9 = 7.36; p = 0.0012). Upon 
examination of least-squares means, I found reduced species richness in cultivated basins 
compared to FWP sites (both t :S -3.39; 103 d.f., p :S 0.0032), but no difference between 
minimal and extensive hydrologic treatments (t = -0.82; 54.9 d.f., p = 0.4183). Size of 
restoration site was positively related to species richness (F1, 51.8 = 11.85; p = 0.0011), as was 
duration of flooding (F1• 108 = 19.32; p :S 0.0001). Bird species richness was unrelated to 
vegetation characteristics (all F 1, 111 :S 2.92; p 2: 0.0904). 
Bird Conservation Value. - Bird conservation value scores for individual sites ranged 
from 0 to 843. There were no significant interactions among treatment, principle 
components, and year terms (all F2, 953 :S 1.39; all p 2: 0.2547), nor was there a hydrologic 
treatment X size effect (F2, 58.9 = 0.68; p = 0.509). Conservation value did not differ between 
years (F1, 87.9 = 0.18; p = 0.6711), but was related to hydrologic treatment (F2, 80.9 = 9.32; p = 
0.0002). FWP sites had greater bird conservation value than cultivated basins (t :S -3.89; 105 
d.f., p < 0.0006), but minimal and extensive hydrologic treatments had similar conservation 
values (t = -0.75; 2, 63.2 d.f., p = 0.456). Size of site (F1, 6o.1 = 33.76; p < 0.0001) and 
duration of flooding were positively related to conservation value (F1, 115 = 10.93; p = 
0.0013). All vegetative measures were unrelated to conservation value (all F < 2.03, all p > 
0.1567). 
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Bird Abundance. - I found no significant interactions among year, hydrologic 
treatment, or vegetative measures in initial models of overall, grassland, or wetland bird 
abundance (all F2, 95.1 :S 2.94; all p 2: 0.0579). Likewise, hydrologic treatment X site size 
interaction was unrelated to overall or grassland bird abundance (all F2, 58.3 :S 0.19; all p 2: 
0.8293). There was, however, an effect of site size X hydrologic treatment on wetland bird 
abundance (F2, 38.6 = 4.07; p = 0.0249). Overall bird abundance, grassland bird abundance, 
and wetland bird abundance did not differ between years (F1, 85.3 :S 1.47; p 2: 0.2289). Level 
of hydrologic treatment was unrelated to overall abundance or grassland bird abundance (F2, 
75.4 :'.S 2.07; p 2: 0.133). Site size was positively related to both overall and grassland bird 
abundance (F1, 58.7 2: 11.33; p :S 0.0013). Duration of flooding had a positive effect on both 
overall bird abundance and wetland bird abundance (F1, 115 2: 19.46; p :S 0.0001), but was not 
related to grassland bird abundance (F1, 104 = 0.42;p = 0.5189). Measurements of bird 
abundance were variously related to vegetation measures. Grassland species abundance was 
positively related to live height and density (PCl), standing dead and litter cover (PC2), and 
forb cover (PC4) (all F 1, 93.8 2: 6.13; all p :S 0.0151). Wetland bird abundance was positively 
related to live height and density (PCl) and forb (PC4) gradients (both F1 , 102 2: 6.20; both p :S 
0.0144). 
Nest Survival. - I located 224 active nests of 18 species. Active nests with sufficient 
information to calculate nest survival (n = 178) used in analysis included 119 red-winged 
blackbird (Agelaius phoeniceus), 10 dickcissel (Spiza americana), 10 ring-necked pheasant 
(Phasianus colchicus), eight yellow-headed blackbird (Xanthocephalus xanthocepahlus), and 
seven sedge wren (Cistothorus platensis) nests. Seven mallard nests were located; however, 
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none were successful. Additionally, over 30 inactive ("dummy") sedge wren nests were 
located. 
Estimates of daily survival rate (DSR) to hatch were 0.9162 for red-winged 
blackbirds (RWBL), 0.9338 for dickcissels (DICK), and 0.9929 for sedge wren (SEWR) and 
0.9196 for ring-necked pheasants (Table 4). Only 10 of 30 ring-necked pheasant (RPHE) 
nests found during my study were active at the time of location. Of the 119 RWBL nests, 
26.9% successfully hatched at least one host egg (Table 4). Eight of 39 RWBL nests 
parasitized by brown-headed cowbirds (BHCO) failed due to parasitism (Table 4). DSRs of 
red-winged blackbirds were unrelated to hydrologic treatments, size, distance to nearest edge, 
and vegetation measurements (all F 1, 11 :S 1.02; all p ~ 0.3351) except coverage of bare 
ground (F1, 107 = 4.93; p = 0.0285) (Table 5). Height to nest rim was lower for successful 
nests (34.31±4.1375 cm) than for failed nests (42.2 ± 3.62 cm) (F1, 96.7 = 5.89; p = 0.0171). 
Landscape Analyses. - Rowcrop agriculture coverage dominated the landscapes 
surrounding my study sites (Table 6). Percent rowcrop was highly correlated with percent 
herbaceous cover (r = -0.956, p < 0.0001), herbaceous edge density (r = -0.931, p < 0.0001), 
wetland edge density (r = -0.809, p < 0.0001). Because herbaceous cover receive greater use 
than rowcrop (e.g., Patterson and Best 1996), I removed percent rowcrop from analysis. 
Number of patches in the landscape was highly correlated with herbaceous (block) edge 
density (r = 0.72833, p < 0.0001) and total perennial herbaceous edge density (including strip 
& linear cover) (r = 0.73046, p < 0.0001). Because number of patches acts as a surrogate for 
landscape heterogeneity in much the same way as edge density metrics, I removed the term 
from the model (Robert Fletcher, personal communication). Density of herbaceous edges 
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describes the shape and orientation of herbaceous cover in the landscape, so I retained this 
metric in further analyses. 
Landscape models generally explained little of the variation in bird occurrences on 
FWP sites (Table 7). A reduced model including wetland cover and wetland edge density 
was most supported by the data for species richness, conservation value, and overall 
maximum bird abundance. Two models incorporating wetland and herbaceous edge density 
metrics were within 6AICc :S 2.0 for conservation value and maximum bird abundance 
models. Maximum grassland bird abundance was best described by the global landscape 
model (6AICc= 0, Wi = 0.563, R2 = 0.2201). Maximum wetland bird abundance was 
described by the model of herbaceous edge density (6AICc= 0, wi = 0.474); models 
including wetland edge density + herbaceous edge density and percent herbaceous cover + 
herbaceous edge density were also supported. 
DISCUSSION 
FWP Hydrologic and Vegetative Treatments 
Flooding of FWP and cultivated sites changed both seasonally and annually, and 
differed between hydrologic treatments during the two years of study. Temporary wetlands 
typically experience peak flooding in spring after snowmelt; however, this pattern was not 
observed in either year of my study. Snowfall may have been inadequate to saturate and fill 
basins in 2003 and 2004 (NCDC 2005). Alternatively, the relatively small size of FWP 
catchments and continued drainage and cultivation practices on adjacent croplands may have 
hindered the effectiveness of hydrologic restoration. Surface water quickly flooded FWP 
sites following major rain events. Maximally 90% of FWP sites with extensive hydrologic 
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treatments and 70% of FWP basins with minimal hydrologic treatment were flooded at any 
one time, suggesting that perhaps extensive treatments sometimes were ineffective and 
unnecessary in some situations. Nonetheless, duration of flooding was extended in sites with 
extensive hydrologic treatments. The frequency of flooding of cultivated basins occasionally 
exceeded that of FWP sites, which I attributed to differences in soil permeability of 
cultivated basins and FWP sites planted with perennial cover (Tufekieglu et. al. 2001, 
Detenbeck et. al. 2002). 
Vegetative structure and composition was similar at FWP sites irrespective of their 
vegetative and hydrologic treatments. Cultivated control sites clearly partitioned themselves 
from FWP sites, but cluster analysis did not cleanly separate cool- and warm-season 
plantings at 2-3 year old FWP sites in north-central Iowa. Similarities in vegetative structure 
probably were related to youthfulness of FWP plantings. No sites had experienced more than 
two growing seasons at the beginning of my study. Given the relative ease of establishment 
for introduced cool-season plantings and practitioners' familiarity with establishment 
techniques, cool-season planting mixtures typically establish more quickly than do warm-
season plantings. An emphasis on robust vegetative structure in both plantings types may 
have further masked treatment differences. Additionally, none of my study sites received 
site-wide follow-up management recommended for establishment of warm-season plants 
(USDA 1997). Consequently, disturbance adapted species likely persisted in all sites longer 
than would have been the case than if warm-season plantings had received prescribed follow-
up practices. 
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Avian Use of FWP Sites 
All measures of avian use were greater at FWP sites than at cultivated sites, as has 
been shown by previous investigations (Patterson and Best 1996, Best et. al. 1997, McCoy et. 
al. 1999, Best et. al. 2001). I detected more species (51) using FWP sites than were reported 
in investigations of other Iowa habitats with high edge to area ratios or in general CRP block 
habitats (Table 8). I suspect this is due to the fact that FWP sites provide suitable habitat for 
several suites of bird species. 
My prediction that avian use would be greatest at large sites with extensive 
hydrologic treatments and warm-season grass plantings was only partially supported. I 
observed no differences in avian species richness, conservation value and abundance between 
sites receiving minimal and extensive hydrologic treatments; however, I did detect a positive 
relationship between avian occurrences and duration of flooding. Sites with prolonged 
flooding conditions likely provided habitat opportunities to an increased number of bird 
species through more of the season (i.e., offering habitat during migration, breeding, and 
brood-rearing stages) than did those sites which saw little or no flooding. Some sites 
classified as minimal hydrologic treatment may not have required substantial hydrologic 
restoration, or, conversely, some extensive hydrologic treatments may have been ineffective. 
Thus, several FWP sites with minimal hydrologic treatment did retain surface water, 
resulting in well developed stands of hydrophytic plants, including river bulrush (Scirpus 
spp.) and cattail (Typha spp.). Additionally, wetlands with more permanent water regimes 
typically have more diverse macroinvertebrate communities (Euliss et. al. 2001), which are 
important sources of food for many birds and may contribute to increased bird occurrence 
(e.g., Joyner 1980, Kaminski and Prince 1981, Cox et. al. 1996, Rasmussen 2000). Although 
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frequency and duration of flooding of cultivated basins was reduced compared to FWP sites, 
like LaGrange and Dinsmore (1989) and Kirschenmann (1996) I also observed bird use of 
cultivated basins. Cultivated basins may pond water for a few days to several weeks during 
spring, providing migrational habitat for waterfowl and other waterbirds (LaGrange and 
Dinsmore 1989). Most bird occurrences documented on cultivated basins in my study were 
wetland associated species - primarily shorebirds and wading birds. 
FWP site size was positively related to all measures of bird response. Irrespective of 
hydrologic or vegetative treatment, larger sites had greater overall bird use and grassland bird 
use than did smaller sites. Likewise, wetland bird occurrence was influenced by the 
interaction between site size and hydrologic treatment, indicating that site size was also 
related to wetland bird use. Brown and Dinsmore's (1986, 1991) research on Iowa potholes 
documented lower species richness and reduced densities on smaller marshes. However, 
here I speculate that wetland bird occurrence was more directly influenced by the presence of 
surface water and associated hydrophytic vegetation. Results of my research generally 
support the conclusion that habitat size is an important aspect in understanding bird 
occurrences. FWP sites are by definition relatively small (:S 40 ac). Previous investigators 
have indicated minimum habitat sizes of 30 ha to > 200 ha are required to support many 
grassland bird species, much larger than the maximum size of FWP easements (e.g., 
Zimmerman 1988, Vickery et. al. 1994, Herkert 1994, Herkert et. al. 1996, Johnson and 
Winter 1999, Walk and Warner 1999, Johnson and Igl 2001). Several species described as 
area sensitive were routinely documented using FWP sites; however, reproductive potential 
for some of these species may be limited on FWP sites given programmatic size restrictions. 
For instance, bobolinks were commonly recorded using FWP sites, though no bobolink nests 
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were located. Winter and Faaborg (1999) noted that though species such as dickcissel may 
not display area sensitivity directly, they may be demographically area sensitive. Though 
FWP sites themselves may be too small to individually provide adequate nesting habitat for 
area sensitive species, the program may enhance surrounding habitat features in the 
landscape (Reynolds et al. 2001). 
I found no relationship between bird use of FWP sites and vegetative measures. A 
relationship between vegetation measurements and bird occurrences became apparent only 
after birds were assigned to habitat associations. Grassland bird occurrences were positively 
related to vegetative live height/density (PCl), standing dead and litter (PC2), and forb 
composition (PC4). Previous investigators have documented associations between various 
grassland bird species and similar measurements: King and Savidge (1995) and McCoy et. al. 
2001 found a positive linear relationship between grassland bird occurrences and vegetation 
height and density. Wetland bird occurrences were also related PCl and PC4. In this case 
height of hydrophytic vegetation (i.e., Typha and Scripus spp.) as well as dominance of 
broadleaf hydrophytic plants (i.e. Polygonum spp.) were likely behind the relationship 
between wetland birds and vegetation. Generally speaking, immaturity of FWP plantings 
and structural and compositional similarities between treatments may have confounded the 
detection of associations between bird occurrences vegetative characteristics of FWP sites. 
Landscape analyses in general explained little variation in bird use of FWP sites. 
This was perhaps due in part to similarities among sites in landscape characteristics and the 
dominance of rowcrop ( x = 83%, range 25% to 96%) cover type surrounding FWP sites 
(Whited et. al. 2000). Though comparatively weak (no model explained >19.1 % of 
variation), the most supported models of species richness, conservation value, and abundance 
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were reduced models that included wetland cover and wetland edge density. These 
parameters have elsewhere been demonstrated as important factors in bird occurrences. For 
example, Fairbairn and Dinsmore's (2001a) study of Iowa potholes documented positive 
relationships between species richness and density of several species and amount of wetland 
cover in the landscape. Grassland bird abundance was best supported by the global 
landscape model, indicating that grassland birds are responding positively to landscape 
heterogeneity. Heterogeneous landscapes in north-central Iowa tended to contain features 
such as drainage ways, ditches, hayfields, and pastures that typically are or have herbaceous 
cover associated with them, thus the positive grassland bird response. Wetland bird 
abundance was most supported by the herbaceous edge density model, which incorporates 
features such as roadsides, filterstrips, and drainageways that often contain hydrophytic 
vegetation, providing habitat for wetland associated species. 
My study documented that 3 year-old FWP sites were attractive to nesting birds; 
nonetheless, birds settling in FWP sites generally had low nest success rates. FWP habitats 
clearly were more attractive to nesting birds than cultivated basins, as demonstrated in 
previous research of CRP habitats (Patterson and Best 1996). I estimated nest success by 
assuming the survival rate calculated through hatching remained constant throughout the 
nestling stage (except in ring-necked pheasants, for which hatching success equates nest 
success). I acknowledge the risk in this assumption; however, previous investigators have 
noted that highest mortality was observed during the incubation stage of the nesting cycle 
and that DSR increased during the nestling stage (e.g., Best and Stauffer 1980, Zimmerman 
1984, Renfrew et. al. 2005); thus, it is perhaps not unreasonable to assume that hatching and 
fledging rates were similar. Red-winged blackbird DSRs were similar between hydrologic 
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treatments, and were not influenced by site size or distance to nearest edge. Red-winged 
blackbirds, however, are a habitat generalist and thus somewhat resilient to habitat size. I 
observed DSRs in red-winged blackbirds similar to those in Iowa floodplain easements, 
grassed waterways, and filterstrips, but lower than those reported for CRP block cover in 
Iowa (Table 9). Nest success of ring-necked pheasants (-4.9%) was low compared to that 
reported in previous investigations in Iowa (> 44%) (Clark and Bogenschutz 1999), but 
similar to the 3.6% observed in South Dakota (Harr 2005). I found no successful waterfowl 
nests in Iowa FWP sites. Though Warner et. al. (1987) suggested that pheasants nesting in 
small habitats may experience nest success similar to those nesting in large habitat blocks 
due to reduced predator populations in fragmented landscapes, small habitats, such as FWP, 
are presumed to be easier for mammalian predators to penetrate and search for nests (i.e, 
Fritzell 1978, Pasitschniak-Arts and Messier 1995). In addition, FWP sites have a high 
density of wetland edges, which are frequently used as travel corridors by mammalian 
predators (Kuehl and Clark 2002, Phillips et. al. 2003). Taken together, the small size and 
high wetland edge density of FWP sites in Iowa seem to greatly increase risks to nesting 
birds. Because of the unavoidably high edge to area ratio characteristic of many FWP sites, 
birds nesting in Iowa FWP sites likely will experience lower nest success compared to birds 
using more expansive habitats with reduced edge. However, FWP sites likely remain 
valuable habitats when considered as a component of the overall landscape, and may 
contribute to improved nest success in adjacent areas (Reynolds et. al. 2000). 
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CONCLUSIONS AND RECOMMENDATIONS 
This study examined the avian use of wetlands and associated upland buffers 
reconstructed in the southern Prairie Pothole Region under USDA's Farmable Wetland 
Program. Site characteristics included in my analysis included site size, extent of hydrologic 
restoration, type of vegetative planting, and duration of flooding. I also examined avian 
responses to landscape features including percentages of rowcrop, herbaceous cover, 
wetlands, herbaceous and wetland edge densities, and distance to other herbaceous and 
aquatic habitats. Flooding of FWP and cultivated sites changed both seasonally and 
annually, and differed between hydrologic treatments during the two years of study. 
Temporary wetlands typically experience peak flooding in spring after snowmelt; however, 
this pattern was not observed in either year of my study. Snowfall may have been inadequate 
to saturate and fill basins in 2003 and 2004. Surface water quickly flooded FWP sites 
following major rain events. Wetland managers seeking to restore temporary wetlands in the 
southern PPR likely will continue to be challenged by the overwhelming influence of 
surrounding agricultural land uses. Specifically, the impermeability of soils under 
conventional tillage practices leads to increased sediment delivery, increased surface runoff, 
and greater magnitude of runoff events. Inadequate residual cover in basin watersheds 
results in insufficient snowmelt to fill basins in early spring. Additionally, vast networks of 
drainage systems move water quickly off the land, undermining the ability of individual 
basins to hold water, and effectively lower the water table. 
All measures of avian use were greater at FWP sites than at cultivated sites. FWP site 
size was positively related to all measures of bird response. Irrespective of hydrologic or 
vegetative treatment, larger sites had greater overall bird use and grassland bird use than did 
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smaller sites. I observed no differences in avian species richness, conservation value and 
abundance between sites receiving minimal and extensive hydrologic treatments; however, I 
did detect a positive relationship between avian occurrences and duration of flooding. I 
found no relationship between bird use of FWP sites and vegetative measures. Relationships 
between vegetation measurements and bird occurrences became apparent only after birds 
were assigned to grassland and wetland habitat associations. Landscape analyses in general 
explained little variation in bird use of FWP sites. This was perhaps due in part to 
similarities among sites in landscape characteristics and the dominance of rowcrop cover 
type surrounding FWP sites. Though comparatively weak, the most supported models of 
species richness, conservation value, and abundance were reduced models that included 
wetland cover and wetland edge density. My study documented that 3 year-old FWP sites 
were attractive to nesting birds; nonetheless, birds settling in FWP sites generally had low 
nest success rates. The small size and high wetland edge density of FWP sites in Iowa appear 
to greatly increase risks to nesting birds. Because of the unavoidably high edge to area ratio 
characteristic of many FWP sites, birds nesting in Iowa FWP sites likely will experience 
lower nest success compared to birds using more expansive habitats with reduced edge. 
However, FWP sites remain valuable habitats when considered as a component of the overall 
landscape, and may contribute to improved nest success in adjacent areas. 
Priority should be given to FWP applications located in areas with substantial 
amounts of existing perennial habitat in the landscape to reduce negative influences on nest 
success. Managers should consider plantings including separate wetland and upland species 
in seeding mixes that will provide di verse structure and cover types for wetland and 
grassland birds. Diversifying the vegetative community will provide habitat opportunities for 
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a larger suite of species. Ensuring follow-up management of warm-season planting mixes 
will promote diverse structure within these plantings. Additionally, this periodic disturbance 
of the plantings through management operations will provide habitat opportunities for a 
greater number of bird species. 
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Figure 1. Distribution of study sites within four county north-central Iowa study area in 
relation to the Prairie Pothole Region of North America. 
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Figure 2. Proportion of study basins enrolled in USDA Farmable Wetlands Program in 
north-central Iowa with surface water, May - July 2003 and 2004. 
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north-central Iowa, 2003-2004. 
Table 1. Vegetative structural and compositional (mean± SE) measurements of cool- and warm-season planting mixtures taken at 
2-3 year old USDA Farmable Wetland Program easements and cultivated basins in north-central Iowa, June 2003 and 2004. 
Year 
2003 2004 
Habitat Variable Control Cool-Season Warm-season Control Cool-Season Warm-season 
Visual obstruction (m) 1.53 (0.33) 7.50 (0.77)*t 1'2'3 4.83 (0.71)*t 0.52 (0.15) 3.64 (0.23)* 2.68 (0.28)* 
Maximum live height (cm) 25.02 (4.57) 94.69 (7.51)*t 57 .69 (8.00)*t 16.98 (5.42) 68.46 (4.42)*t 43.72 (5.59)t 
Maximum dead height (cm) 1.85 (1.33) 35.71 (4.26)* 47.70 (5.79)* 2.23 (l.02) 69.14 (4.93)*t 42.74 (5.92)*t 
Litter depth (cm) 0.20 (0.12) 0.93 (0.11) 1.39 (0.24) 0.20 (0.14) 1.97 (0.33)* 1.77 (0.39)* 
Water depth (cm) 1.73 (l.42) 0.99 (0.60) 0.74 (0.54) 0.20 (0.14) 2.63 (1.45) 4.83 (1.94) 
Grass cover (%) 7.50 (1.93) 46.99 (5.82)* 42.03 (4.30)* 3.83 (1.45) 43.48 (4.32)*t 23.43 (4.0l)t 
Forb cover (%) 4.08 (1.55) 18.44 (4.75) 23.16 (4.61)* 4.17 (l.70) 5.98 (1.56) 9.36 (3.29) 
Litter cover(%) 8.67 (3.30) 22.65 (4.08) 19.63 (2.59) 8.67 (2.85) 31.99 (4.14)* 36.17 (5.53)* 
Standing dead (%) 0.33 (0.14) 6.20 (0.64)* 8.43 (l.04)* 0.83 (0.47) 7.54 (0.98)* 6.03 (0.98)* 
Bare ground (%) 68.50 (8.22) 6.20 (0.91)* 8.10 (2.53)* 81.75 (4.26) 3.14 (0.69)* 10.10 (2.87)* 
Woody cover(%) 0.00 (0.00) 0.69 (0.29)t 0.10 (0.07)t 0.00 (0.00) 0.14 (0.11) 0.03 (0.03) 
Sedge/rush cover(%) 0.17 (0.17) 1.67 (0.83) 0.73 (0.50) 0.17 (0.17) 1.01 (0.51) 2.10 (1.42) 
Water(%) 13.67 (9.38) 8.95 (5.21) 5.53 (3.05) 4.67 (3.45) 12.75 (5.70) 19.03 (6.98) 
bold indicates difference between years within planting mixture. 
2 *indicates difference between planting mixture and control (cultivated) within year. 
3 t indicates difference between cool- and warm-season planting mixtures within year. 
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Table 2. Vegetative structural and compositional (mean± SE) measurements of minimal and extensive hydrologic treatments 
taken at 2-3 year old USDA Farmable Wetland Program easements and cultivated basins in north-central Iowa, June 2003 and 
2004. 
Year 
2003 2004 
Hydrologic Treatment Hydrologic Treatment 
Habitat Variable Control Minimal Extensive Control Minimal Extensive 
Visual obstruction ( dm) 1.53 (0.33) 6.56 (0.78)*1'2 5.64 (0.78)* 0.52 (0.15) 3.25 (0.29) 3.02 (0.25) 
Maximum live height (cm) 25.02 (4.57) 82.22 (8.92)* 68.63 (8.21)* 16.98 (5.42) 60.20 (5.64)* 50.95 (5.60) 
Maximum dead height (cm) 1.85 (l.33) 41.97 (5.75)* 41.94 (4.81)* 2.23 (l.02) 59.01 (6.32)* 51.76 (5.86)* 
Litter depth (cm) 0.20 (0.12) 1.35 (0.22) 0.98 (0.16) 0.20 (0.14) 1. 75 (0.35)* 1.97 (0.38)* 
Water depth (cm) 1.73 (l.42) 0.52 (0.39) 1.20 (0.70) 0.20 (0.14) 3.38 (1.60) 4.17 (l.88) 
Grass cover (%) 7.50 (1.93) 45.42 (5.02)* 43.40 (5.14)* 3.83 (l.45) 32.50 (5.02)* 33.58 (4.26)* 
Forb cover(%) 4.08 (1.55) 18.05 (4.46) 23.75 (4.86)* 4.17 (1.70) 9.96 (3.54) 5.52 (1.13) 
Litter cover (%) 8.67 (3.30) 23.23 (3.38) 18.93 (3.30) 8.67 (2.85) 30.31 (4.49)* 38.02 (5.28)* 
Standing dead(%) 0.33 (0.14) 7.08 (0.90)* 7.64 (0.91)* 0.83 (0.47) 6.67 (1.01)* 6.84 (0.97)* 
Bare ground(%) 68.50 (8.22) 7.01 (2.58)* 7.36 (l.08)* 81.75 (4.26) 7.60 (2.76)* 5.93 (1.67)* 
Woody cover(%) 0.00 (0.00) 0.24 (0.11) 0.52 (0.28) 0.00 (0.00) 0.10 (0.10) 0.07 (0.05) 
Sedge/rush cover (%) 0.17 (0.17) 2.12 (0.89) 0.24 (0.21) 0.17 (0.17) 2.95 (l.50) 0.21 (0.18) 
Water(%) 13.67 (9.38) 4.06 (2.96) 10.28 (5.07) 4.67 (3.45) 15.73 (6.60) 16.32 (6.32) 
bold indicates difference between years within planting mixture. 
2 *indicates difference between hydrologic treatment and control (cultivated) within year. 
VI 
....... 
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Table 3. Principle component loadings (using varimax rotation) of vegetation structure and 
composition measurements in taken at 2-3 year old Farmable Wetland Program easements 
and cultivated basins in north-central Iowa, June 2003-2004. 
Vegetation Principle Component1 
v . 2 egetat1ve measurement PCl PC2 PC3 PC4 
Visual obstruction (dm) 0.92646 0.00014 0.01132 0.09892 
Maximum live height (cm) 0.94486 0.04133 -0.04942 0.05254 
Maximum dead height (cm) 0.24033 0.75023 0.18340 0.03830 
Litter depth (cm) -0.03590 0.67254 -0.30951 -0.32172 
Water depth (cm) -0.03785 -0.08974 0.92396 -0.06181 
Grass cover (%) 0.83932 0.21199 -0.25403 -0.20029 
Forb cover(%) -0.00987 0.02629 -0.12610 0.95453 
Litter cover (%) -0.28569 0.72897 -0.31134 -0.29239 
Standing dead (%) 0.04004 0.76385 0.02523 0.15618 
Bare ground (%) -0.45233 -0.74547 -0.26391 -0.16415 
Sedge/rush cover (%) -0.05744 0.14625 0.43679 0.00026 
Water(%) -0.06667 -0.13227 0.94059 -0.03965 
1 Loadings of~ 0.50 in bold are considered important. 
2 See methods for description of individual parameters and their measurement. 
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Table 4. Daily survival rates (DSRs) to hatch, hatching success, and projected nesting 
success for birds nesting on USDA Farmable Wetland Program sites (n = 16) and cultivated 
basins (n = 4) in north-central Iowa, May - July 2004. 
Hatching Nest 
SEecies DSR Success3 95% C.I. Success l Parasitism rate2 n 
Red-winged blackbird 119 0.9162 26.90 26.07 - 27.77 11.23 32.50 
Dickcissel 10 0.9338 33.41 27.69 - 39.13 16.84 20.00 
Yellow-headed blackbird 8 0.9689 62.27 51.09 - 73.44 43.99 16.67 
Sedge wren 7 0.9929 87.31 85.73 - 88.88 79.57 0.00 
Ring-necked pheasant 10 0.9196 4.89 0.00 - 10.34 4.89 0.00 
1 Nest success estimate assuming constant DSR through hatchling stage. 
2 Brown-headed cowbird parasitism only; conspecific parasitism not measured. 
3 Nest success to hatching calculated following Mayfield (1975) and Johnson (1979). 
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Table 5. Vegetation structure and composition (mean± SE) at red-winged blackbird nests 
found on 2-3 year old USDA Farrnable Wetland Program easements in north-central Iowa, 
May - July 2004. 
Variable1 
Vertical density 
Live height (cm) 
Dead height (cm) 
Litter depth (cm) 
Water depth (cm) 
Grass coverage (%) 
Forb coverage (%) 
Litter coverage (%) 
Dead coverage (%) 
Bare coverage (%) 
Sedge/rush coverage (%) 
Water coverage(%) 
Nest Fate2 
Successful (n = 30) Unsuccessful (n = 89) 
6.68 (0.5197) 
110.43 (7.3186) 
75.51 (7.7351) 
2.17 (0.3108) 
1.01 (1.0714) 
58.4 (6.6521) 
16.26 (6.293) 
17.9 (3.4572) 
6.48 (0.8787) 
2.29 (1.9379)3 
3.44 (3.2404) 
2.77 (3.3788) 
7.11 (0.4836) 
112.92 (6.8203) 
73.29 (5.8674) 
1.53 (0.1612) 
1.37 (0.8904) 
51.24 (5.9985) 
18.93 (5.9696) 
16.45 (2.7596) 
6.23 (0.7334) 
5. 72 (1.6333) 
3.87 (2.9187) 
4.40 (2.6442) 
1 See methods for description of individual parameters and their measurement. 
2 Nest considered successful if at least one host egg hatched. 
3 Measurements in bold are significantly different. 
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Table 6. Landscape characteristics to 800m for 2-3 year old USDA Farmable Wetland 
Program easements and cultivated basins in north-central Iowa, 2003 - 2004. 
Category Definition Mean SE Minimum Maximum 
RCROP Percentage rowcrop agriculture in landscape 83.01 1.32 24.64 
WOOD2 Percentage woody vegetation and farmstead in landscape 2.98 0.28 0.00 
HERB2 Percentage herbaceous vegetation in landscape I 11.05 1.04 2.00 
WET2 Percentage wetland and water cover in landscape 2.00 0.26 0.00 
ROAD Percentage roads and impermeable surfaces in landscape 1.04 0.04 0.00 
DISGRS Distance to nearest adjacent block herbaceous vegetation 690.65 68.58 46.4 
DIS WET Distance to nearest adjacent aquatic habitat2 777.95 55.03 53.9 
1 Herbaceous vegetation includes linear and strip habitats such as roadsides and grassed 
waterways. 
95.85 
20.00 
58.00 
17.00 
2.00 
2757.6 
2863.6 
2 Aquatic habitat includes drainage ditches, perennial streams and rivers, ponds, lakes, and 
other wetlands. 
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Table 7. Regression models (global and reduced) for bird responses to landscape factors 
surrounding 2-3 year old USDA Farmable Wetland Program easements and cultivated basins 
in north-central Iowa, June 2003 - 2004. 
Model Parameters in Model 1 K AI Cc 8.AICc Wj Adj R2 
Species Richness GLOBAL MODEL 9 219.630 4.800 0.047 0.207 
HERB2+ WET2+HERBED+ WETED 5 217.248 2.405 0.155 0.179 
WOOD2+HERB2+WET2 4 222.743 7.900 0.010 0.129 
HERB2+WET2 3 227.122 12.280 0.001 0.086 
WETED+HERBED 3 217.318 2.475 0.150 0.160 
DISGRS+DISWET 3 234.421 19.579 <0.001 0.027 
HERB2+HERBED 3 225.997 11.155 0.002 0.095 
WET2+WETED 3 214.843 0.000 0.517 0.178 
HERB ED 2 237.179 22.336 <0.001 -0.007 
WE TED 2 217.805 2.962 0.118 0.148 
Conservation Value GLOBAL MODEL 9 1150.665 4.190 0.046 0.197 
HERB2+WET2+HERBED+WETED 5 1148.513 2.035 0.134 0.167 
WOOD2+HERB2+WET2 4 1151.575 5.096 0.029 0.135 
HERB2+WET2 3 1154.389 7.910 0.007 0.104 
WETED+HERBED 3 1147.873 1.394 0.185 0.153 
DISGRS+DISWET 3 1167.166 20.688 <0.001 -0.001 
HERB2+HERBED 3 1153.040 6.562 0.014 0.114 
WET2+WETED 3 1146.479 0.000 0.371 0.163 
HERB ED 2 1166.512 20.030 <0.001 -0.006 
WE TED 2 1147.575 1.096 0.215 0.146 
Maximum Bird GLOBAL MODEL 9 381.233 6.930 0.015 0.112 
Abundance HERB2+WET2+HERBED+WETED 5 377.105 2.799 0.116 0.095 
WOOD2+HERB2+ WET2 4 383.704 9.399 0.004 0.030 
HERB2+WET2 3 383.787 9.481 0.004 0.019 
WETED+HERBED 3 376.096 1.791 0.191 0.082 
DISGRS+DISWET 3 386.816 12.511 <0.001 -0.008 
HERB2+HERBED 3 383.105 8.800 0.006 0.025 
WET2+WETED 3 374.305 0.000 0.469 0.096 
HERB ED 2 385.762 11 .457 0.002 -0.009 
WE TED 2 376.078 1.773 0.193 0.073 
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Table 7. Continued. 
Model Parameters in Model 1 K AI Cc t.AICc W j AdjR2 
Maximum Grassland GLOBAL MODEL 9 338.702 0.000 0.563 0.220 
Bird Abundance HERB2+ WET2+HERBED+ WE TED 5 343.792 5.100 0.044 0.139 
WOOD2+HERB2+ WET2 4 355.207 16.505 <0.001 0.039 
HERB2+WET2 3 354.013 15.311 <0.001 0.038 
WETED+HERBED 3 343.304 4.602 0.056 0.123 
DISGRS+DISWET 3 351.678 12.976 <0.001 0.576 
HERB2+HERBED 3 353.011 14.309 <0.001 0.047 
WET2+WETED 3 340.941 2.239 0.184 0.141 
HERB ED 2 353.897 15.195 <0.001 0.029 
WE TED 2 341.329 2.627 0.151 0.129 
Maximum Wetland GLOBAL 9 52.693 12.700 <0.001 
Bird Abundance HERB2+ WET2+HERBED+ WE TED 5 45.343 5.350 0.026 
WOOD2+HERB2+ WET2 4 46.386 6.392 0.154 
HERB2+WET2 3 44.984 4.990 0.031 
WETED+HERBED 3 41.549 1.555 0.173 
HERB2+HERBED 3 41.857 1.863 0.148 
WET2+WETED 3 45.129 5.136 0.029 
DIS WET 2 44.795 4.801 0.034 
HERB ED 2 39.994 0.000 0.375 
WE TED 2 43.820 3.826 0.055 
1 Landscape parameters: HERB2 = total herbaceous cover; WOOD2 = total woody and 
farmstead cover; WET2 =total wetland and water cover, including ponds lakes, rivers; 
ROAD =total cover of road and impermeable surfaces; DISGRS =distance to nearest 
adjacent herbaceous block cover; DISWET = distance to nearest adjacent aquatic habitat; 
HERBED = density of herbaceous edges, including block and linear cover; WETED = 
density of wetland edges. GLOBAL model includes all parameters. 
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Table 8. Bird species richness observed in CRP block and other high edge to area ratio 
habitats in Iowa. 
Species 
Investigation Habitat Richness 
Bryan and Best 1991 Grassed waterways (Continuous CRP) 48 
Hemaseth and Dinsmore 1993 Marsh 18 
Patterson and Best 1996 CRP (Block) 33 
Benson 2003 Upland WRP 20 
Lowland WRP 25 
Murray and Best 2003 Switchgrass strips 45 
Knoot 2004 Grassed waterways (Continuous CRP) 26 
Henningsen and Best 2005 Filterstrips (Continuous CRP) 46 
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Table 9. Daily survival rates (DSR) for Red-winged blackbirds (Agelaius phoeniceus) in 
various Iowa CRP habitats. 
Investigation 
Bryan and Best 1991 
Patterson and Best 1996 
Benson 2003 
Knoot2004 
Henningsen and Best 2005 
1 Daily survival rate. 
Habitat 
Grassed waterways (Continuous CRP) 
CRP (Block) 
Upland WRP 
Lowland WRP 
Grassed waterways (Continuous CRP) 
Filterstrips (Continuous CRP) 
DSR1 
0.902 
0.916 
0.827 - 0.907 
0.906 - 0.951 
0.908 
0.914-0.931 
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CHAPTER 3. AQUATIC MACROINVERTEBRA TE RESPONSES AND WETLAND 
PLANT SEED OCCURRENCES IN RESTORED TEMPORARY WETLAND IN 
NORTH-CENTRAL IOWA, USA. 
A paper to be submitted to the American Midland Naturalist 
Ryan N. Harr 
ABSTRACT 
Conversion of native prairie and wetland landscapes in the Prairie Pothole Region to 
commodity rowcrop agricultural production has left only small fragments of native habitats 
intact and has substantially altered regional hydrology. In 2001, the Farmable Wetland 
Program (FWP) was introduced as a pilot program under the continuous Conservation 
Reserve Program to afford landowners the opportunity to remove small wet areas (former 
temporary wetlands) from production, while concomitantly providing opportunities for 
resource managers to restore temporary wetland habitats. In 2003-2004, I examined 
macroinvertebrate and plant seed occurrences in 2-3 year old FWP sites in north-central Iowa 
in relation to extent of hydrologic modification, depth and duration of flooding, month, year, 
and landscape factors. I identified 25 invertebrate taxa and seeds from 59 species of plants in 
soil cores taken from wetlands. Gastropods were the most abundant invertebrate taxa. 
Invertebrate taxa richness, abundance, and biomass differed between years and changed 
seasonally, but did not differ between hydrologic treatments as predicted. Invertebrate 
abundance and biomass was lower in 2004, in spite of increased flooding. The invertebrate 
community of FWP wetlands was characteristically simple, but invertebrate abundances were 
low and species typically found in temporary wetlands were conspicuously absent. I 
attributed species absences and low abundances to the extended period that basins had been 
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under cultivation, their isolation, lack of detritus, "youthfulness" of FWP sites, altered 
hydroperiod, and perhaps impacts from continued agricultural practices on adjacent lands 
(e.g., increased sedimentation and agrochemicals). Seed occurrences did not differ between 
minimal and extensive hydrologic treatments, and were dominated by disturbance adapted 
species (e.g., Amaranthus and Echinochloa). To accelerate the recolonization of FWP sites 
by aquatic invertebrates and plants, inoculations of sediments from healthy temporary basins 
may be required. 
INTRODUCTION 
Wetland habitats in the northern Great Plains have undergone substantial 
modification since European settlement. Changes have been especially dramatic in the 
tallgrass region of Minnesota and Iowa, where less than 1 % of native prairies and pothole 
wetlands remain today (Bishop et. al. 1998, Smith 1998, Heard et. al. 2000). Productive 
agriculture has become the dominant land use in much of the Prairie Pothole Region (PPR). 
Temporary wetlands have been disproportionately affected by land use changes in the region 
because these basins are relatively shallow and easy to drain or farm through in dry years 
(Fredrickson and Reid 1990, Kantrud 1990). Pothole wetlands typically are flooded most 
deeply in the spring, filled by snow melt and spring rain, and have complicated and dynamic 
links to regional groundwater (Winter and Rosenberry 1995). Water levels tend to gradually 
recede through the summer to annual minima in the fall. Changing water levels that facilitate 
nutrient recycling and abundant detrital inputs from wetland plants fuel the high primary and 
secondary productivity characteristic of glaciated northern wetlands. Although highly 
ephemeral, temporary wetlands are very productive with a characteristic fauna and flora 
adapted to short periods of inundation. They provide abundant invertebrate and seed foods 
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needed by spring migrating and breeding waterfowl (e.g. Dwyer et al. 1979, Duebbert and 
Frank 1984, LaGrange and Dinsmore 1989, Krapu et al. 1997, Krapu et al. 2000). 
Temporary wetlands are by definition highly ephemeral habitats (Stewart and 
Kantrud 1971, Euliss et.al 1999). Invertebrates that typically occur in temporary wetlands 
possess several adaptations for occupying habitats with short duration flooding and extreme 
temperature fluctuations (Wiggins et. al. 1980, Collinson et. al. 1995). Taxa incapable of 
relocating to other wetland habitats when basins go dry may undergo diapause, aestivation, 
or lay drought resistant resting eggs dming extended periods of drought, emerging quickly 
when water returns to the basin (Euliss et. al. 1999). Passive dispersal also may occur, where 
immobile inve1tebrates may be transported to other wetland habitats by wind or other 
organisms (e.g., Fryer 1974, Swanson 1984, Pennak 1989). Those taxa which are more 
highly mobile (capable of flight - primarily aquatic insects) colonize reflooded basins 
quickly from other wetland habitats (e.g., Swanson 1984, LaGrange and Dinsmore 1989, 
Sewell 1989). Many of these invertebrate colonizers appear sh01tly after reflooding; 
however, invertebrate communities may be relatively simple in structure due to the short 
hydrope1iod (Wiggins et. al. 1980). 
In 2001, the Farmable Wetland Program (FWP) was added to the suite of federal 
conservation programs available to restore wetlands on private lands. FWP is unique in its 
focus on small wet areas in cropland. Temporary wetlands (following Stewart and Kantrud 
1971) targeted in FWP are disproportionately absent from intensive agricultural landscapes 
of the southern PPR, due to the ease of their conversion to agricultural uses and previous lack 
of emphasis in wetland restoration schemes (Kantrud 1990, Galatowitsch and van der Valk 
1996). 
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Under FWP, landowners are allowed to enroll a wetland of up to roughly 2-ha (5- ac) 
and a buffer ranging from a 9.1 m (30 ft) band around the wetland to three-times the size of 
the wetland, for a total of not more than approximately 8.1-ha (20-ac) per site. A total of 
16.2-ha (40-ac) may be enrolled on any given tract of land (USDA 2001). Methods followed 
to restore aquatic and terrestrial components of FWP easements vary from site to site. Extent 
of hydrologic treatment varies from cessation of agricultural production or covering of 
surface intakes to construction of berms and removal and re-routing of subsurface drainage 
lines. Vegetative reconstruction ranges from planting of minimally diverse mixes of cool-
season exotic species to predominately warm-season native species of grasses and forbs. In 
many cases plantings are uniformly applied to wetland and upland portions of easements and 
presently do not include aquatic species (Ryan Harr, personal observation). 
In support of resource managers seeking to optimize environmental benefits of USDA 
conservation programs, my study examined aquatic macroinvertebrate and wetland seed 
occurrences in FWP sites in the southern PPR in relation to level of hydrologic treatment, 
season, depth and duration of flooding, and surrounding landscape features. I expected that 
duration of flooding would increase as more extensive hydrologic treatments were 
undertaken. I predicted that aquatic macroinvertebrate diversity, abundance, and density 
would be higher in restored sites, and would be greater in landscapes with a higher 
proportion of wetland cover. I further predicted that wetland plant seed communities would 
be more diverse and seed density would be greater in sites that had more extensive 
hydrologic treatment, as these sites should provide more diverse habitat conditions. 
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STUDY AREA AND METHODS 
Study area.- I selected FWP sites located across four counties in north central 
Iowa's PPR (Figure 1, Appendix 1). The gently rolling landscape of Iowa's PPR was shaped 
as the ice sheet of the Wisconsin glaciation receded northward some 12-14,000 years ago 
(Prior 1991), and has been nearly completely converted from a tallgrass prairie and wetland 
matrix into an intensive agricultural system dominated by com (Zea maize) and soybeans 
(Glycine max). My fieldwork was conducted from mid May through 1 August in both 2003 
and 2004. 
Climatological data for the study was gathered at Algona, Iowa (Kossuth County), 
located at the approximate center of the study area. Long-term average monthly 
temperatures for the study area are 13.7 °C, 18.9 °C, and 21.6 °C for May, June, and July, 
respectively. Temperatures in 2003 did not deviate from long-term averages. Temperatures 
were similar in 2004, with the exception of July, which was cooler at 20.2 °C. Monthly 
precipitation for the area averages 10.5 cm in May, 11.8 cm in June, and 9.9 cm in July. 
Only June 2003 was wetter than normal (16.7 cm); however, May (18.9 cm) and July (15.4 
cm) 2004 received much higher than normal rainfall (NCDC 2005). 
Site selection.- Information on age (i.e., years since establishment), size, and extent 
of hydrologic and vegetative treatments for all FWP sites was obtained at USDA service 
centers to identify a pool of 400 candidate sites that were at least 2 years old (i.e., 2 growing 
seasons). Hydrologic modifications were classified as minimal (e.g., cessation of farming 
practices, closing of surface intakes, blocking of small subsurface tiles) or extensive (e.g. 
blocking of subsurface tile lines, re-routing tile lines, installation of non-perforated tile lines, 
building of impoundments and dikes). Mixes of cool season, introduced species or warm 
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season, native species, were planted on FWP sites. Cool season seeding mixes included 
species such as smooth bromegrass (Bromus enermis), orchardgrass (Dactylis glomerata), 
and alfalfa (Medicago sativa), or clover (Trifolium spp.). Warm season seeding mixes 
typically included native species such as switchgrass (Panicum virgatum), big bluestem 
(Andropogen gerardii), and indiangrass (Sorghastrum nutans). I used a stratified random 
sampling strategy to select 48 FWP restorations, distributed proportionally by geographic 
location and size: 0-4.0 ha, 4.0- 8.1 ha, 8.1- 12.1 ha, and 12.1 - 16.2 ha. Because of 
concern about potential biases associated with landowner enrollment patterns, care was taken 
to select sites from throughout the study area. These 48 sites represented four combinations 
of hydrologic and vegetative treatments (12 sites per group). An additional group of 12 
farmed basins randomly were chosen as control sites (i.e., drained basins still in agricultural 
production, but eligible for enrollment if the landowner so chose). Two cultivated basins 
enrolled into conservation easements following the 2003 field season were removed from the 
study. 
Field methods.-Basin flooding conditions were recorded at approximately weekly 
intervals each year. Nine flooding assessments were conducted during the 2003 field season 
(May - July), and 17 during the 2004 field season (March - July). During the final calendar 
week of each month, I sampled all FWP sites with surface flooding with a 5.1-cm diameter 
corer to a depth of 10 cm. Cores were taken at the approximate center of the basin and at 
four additional random locations in the flooded portion of the basin. Corer contents were 
initially washed through a 500-micron (0.5mm) mesh sieve to remove fine sediment and 
concentrate corer contents. Corer contents were then transferred to individual sample bags, 
labeled, and frozen for processing in the laboratory. 
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Laboratory methods.-In the laboratory, thawed samples were again washed through 
a 500-micron (0.5mm) mesh sieve. Invertebrates and plant seeds were sorted by taxa and 
transferred to individual vials in 70% ethanol for identification. Macro-invertebrates were 
identified to family and assigned to predator, collector and scraper functional groups 
following Pennak (1978), Merritt and Cummins (1996), Voshell (2002), and internet 
resources of Valley City State University (VCSU 2005). Wetland plant seeds were identified 
to genus and species following Martin and Barkley (1961) and internet resources of the 
Department of Seed Sciences at The Ohio State University (OSU 2005). After identification, 
I counted, dried 24 h at a temperature of 60 °C (invertebrates) or 100 °C (plant seeds) (T. 
Stewart and A. van der Valk, personal communication) and weighed samples at constant 
weight (± 0.001 g). 
Landscape analysis.-FWP wetland and buffer size was obtained from USDA CRP 
records. All sites were mapped using a Garmin GPS V hand-held GPS receiver. This GPS 
data was subsequently downloaded into Arc View 3.2 Geographic Information System (GIS) 
software (ESRI 1999), where it was overlaid on 2002 color-infrared imagery at a pixel 
resolution of 2x2 m provided by USDA-NRCS and Massachusetts Institute of Technology. 
Following Ribic and Sample (2001) and Knoot (2004), I mapped the following landcover 
types to a radius of 800 m: rowcrop; woody cover; herbaceous cover - pasture, Conservation 
Reserve Program easements, Waterfowl Production Areas, small grains, and hayland; 
linear/strip cover - road ditches, fencerows, and waterways; wetland; open water - ponds and 
rivers; farm/development; road. I ground-trothed all sites to verify land cover classifications. 
For analyses, wetland and water, woody and farm/development, and herbaceous and linear 
cover categories were separately combined. Areas of the remaining five cover types were 
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converted into a percentage of landscape metric. I also computed distances from the basin 
center nearest adjacent aquatic habitat. 
Statistical analysis.-! used analysis of variance to assess differences in duration of 
flooding between levels of hydrologic treatment. I used repeated measures analysis of 
variance to assess responses of invertebrate taxa richness, density, total abundance, 
functional group abundance, and dry biomass to level of hydrologic treatment, year, season 
(i.e., month/sampling round), water depth, duration of flooding, proportion of wetland habitat 
in the landscape, and distance to nearest aquatic habitat (PROC MIXED, SAS 2003). I 
calculated invertebrate density per square meter by extrapolating the area of the sampling 
device. I assessed the influence of the same factors on richness, abundance, density, and dry 
biomass of plant seeds sorted from soil cores. I examined residual plots for all response 
variables to check for normality. Because most responses variables were not normally 
distributed, I used a ln (x+ 1) transformation to improve normality of all invertebrate 
abundances, densities, and biomass measures for analysis. Because gastropods dominated 
many of the invertebrate samples and contribute more biomass owing to their calcareous 
shells, I was interested in examining invertebrate biomass after removing gastropods from 
the dataset (Cox et. al. 1998). I again used the ln(x+ 1) transformation to improve normality 
of the non-gastropoda data. I summed data for all response variables across the five sub-
samples (cores) taken at each site to reduce the many zeros in the dataset and produce a 
single measurement for each round. I specified site as the subject in the repeated statement 
to group together sampling rounds within the same site, and used Satterthwaite's method for 
calculating degrees of freedom in all analyses as it properly adjusts degrees of freedom for 
unbalanced datasets (SAS 2003, Philip Dixon, Ivan Ramler, personal communication). I 
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used Tukey's adjustment for multiple comparisons when evaluating differences in least-
squares means between levels of hydrologic treatments and sampling rounds. I considered a 
:S 0.05 as evidence of a significant relationship. Interactions with effects of p 2: 0.05 were 
removed from models. 
RESULTS 
Site hydrology.-There was no difference in duration of flooding between hydrologic 
treatments (F2, 44.8 = 1.93; p = 0.1569); however, the proportion of extensive hydrologic 
treatment sites that were flooded was consistently greater than either minimal treatment or 
cultivated basins (Figure 2). The proportion of basins flooded remained relatively constant in 
2003 ( <30% ), except in mid July when >50% of sites with extensive hydrologic treatment 
were flooded. Peak flooding of FWP sites in 2004 occurred in May when >70% of basins 
were inundated. In both years, :S 10% of basins were flooded in late July. The proportion of 
flooded basins steadily declined through the remainder of the 2004 season (Figure 2), and 
few basins were flooded for greater than one-third of either year (Figure 3). Two cultivated 
basins, three minimal treatment sites, and seven extensive treatment sites were sampled in 
2003. Four cultivated basins, 17 minimal treatment sites, and 17 extensive treatment sites 
were sampled in 2004. 
Macroinvertebrate occurrences.-1 identified 729 individuals of 20 invertebrate 
families in 2003 and 1,296 invertebrates representing 19 families in 2004 (Table 1). 
Gastropods were the dominant invertebrate taxa identified in both years. Planorbid snails 
were the most freguently observed gastropod, occurring in >60% of sites each year. 
Lymnaeid snails, hydrophilidae (Coleoptera), and chrionomidae (Diptera) were also found at 
over 30% of sampled sites in 2003 and 2004 (Table 1). Planorbidae and chironomidae 
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(larvae) are both classified as collectors; as such the collector functional group was the most 
abundant of three functional groups identified in my study. Lymnaeid snails were the sole 
representative of the scraper functional group. Predators were represented by nine taxa, but 
occurred at fewer sites each year and were less abundant than other groups (Table 1, Figure 
5). 
I found no evidence of any interactions in the model of invertebrate taxa richness (F1, 
n.6 :::; 1.31; p 2': 0.2568). There was no evidence of differences in invertebrate richness 
between hydrologic treatments (F2, 72 = 0.39; p = 0.6766); however, I did detect year (F1, 6 1.4; 
p = 0.0014) and season effects (F4, 60.9 = 5.46; p = 0.0008). Invertebrate taxa richness was 
greater in 2003 (x = 3.25, SE= 0.40) than in 2004 (x = 2.18, SE= 0.32). Invertebrate taxa 
richness was influenced by season and tended to increase as the season progressed in 2004 
(Figure 3). 
I found no evidence of interactions in overall invertebrate abundance, predator 
abundance, or scraper abundance (F2, 52.6 :::; 2.71; p 2': 0.0755). There was an interaction 
between water depth and hydrologic treatment in the model of collector abundance (F2, 59.6 = 
3.87; p = 0.0263). I found differences between years in overall abundance (F1,573 = 12.66; p 
= 0.008), predator abundance (F1, 84.8 = 4.98; p = 0.0283), and collector abundance (F1 , 56.l = 
12.26; p = 0.0009). In general, invertebrate abundance was lower in 2004 than 2003 (Figure 
4). Season was related to overall abundance (F4, 55.6 = 3.12; p = 0.0218) and collector 
abundance (F4, 54.4 = 3.60; p = 0.0112). Proportion of wetland cover in the landscape was the 
only factor related to scraper abundance (F1, n. 1 = 4.48; p = 0.0378). 
I detected no evidence of variable interactions in models of invertebrate density (F4, 
47.2 :::; 1.53; p = 0.2077). Invertebrate densities were greater in 2003 than in 2004 (F 1, 57.8 = 
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9.24; p = 0.0035). I also detected differences in densities between months (F4, 56.8 = 3.66; p = 
0.0102). Further examination of least-squares means estimates indicated that differences in 
invertebrate densities existed only between months March and July (t56.9 = -3.27; p = 0.0149) 
and April and July (t57.1 = -3.20; p = 0.0182). 
Models for invertebrate biomass contained no interactions (F2, 58.4'.S 0.52; p 2: 0.5963). 
I found no effects of any measured variable (F4, 57 :S 1.82; p 2: 0.1376) on invertebrate 
biomass. When examining non-gastropod biomass, I detected interactions between water 
depth and hydrologic treatment (F2, 75.1 = 3.81; p = 0.0266), and between water depth and 
duration of flooding (F1, 71.7 = 6.34; p = 0.0140). Year and duration of flooding were both 
related to non-gastropod biomass (F1, 83.9 :S 6.55; p :S 0.0123). 
Seed occurrences.-! identified seeds representing 20 genera and 28 species of plants 
in 2003 and 44 genera and 52 species in 2004 (Table 3). Amaranthus spp. and Echinochloa 
spp. were abundant in samples from nearly all wetlands in both years (Table 3). Besides 
Amaranthus and Echinochloa, Polygonum spp. was the only other commonly observed 
moist-soil plant taxa. Species characteristic of wetland habitats (e.g., Asclepias, 
Potamogeton, Sagittaria, Leersia, Spartina spp.) were rarely observed in samples (Table 3). 
Because of concern about observer bias, I did not test for differences in seed abundance or 
biomass between years. I found no interactions in models of seedbank richness (F2, 69.7 :S 
0.75; p 2: 0.4782), total seed abundance (F1, 74.2 :S 3.62; p 2: 0.0611), or seed biomass (F1 , 75.3 :S 
2.01; p 2: 0.1607). I found no relationship between any measured effect and seedbank 
richness (all F1, 85.1 :S 3.08; p 2: 0.0828), total seed abundance (all F2, 21 :S 1.02; p 2: 0.3782), or 
seed biomass (all F4, 67.3 :S 1.69; p 2: 0.1633). 
71 
DISCUSSION 
Site hydrology.-Flooding of FWP and cultivated sites changed both seasonally and 
annually, and differed between hydrologic treatments during the two years of study. 
Temporary wetlands typically experience peak flooding in spring after snowmelt; however, 
this pattern was not observed in either year of my study. Snowfall may have been inadequate 
to saturate and fill basins in 2003 and 2004 (NCDC 2005). Alternatively, the relatively small 
size of FWP catchments and continued drainage and cultivation practices on adjacent 
croplands may have hindered the effectiveness of hydrologic restoration. Surface water 
quickly flooded FWP sites following major rain events. Maximally 90% of FWP sites with 
extensive hydrologic treatments and 70% of FWP basins with minimal hydrologic treatment 
were flooded at any one time, suggesting that perhaps extensive treatments sometimes were 
ineffective and unnecessary in some situations. Nonetheless, duration of flooding was 
extended in sites with extensive hydrologic treatments. The frequency of flooding of 
cultivated basins occasionally exceeded that of FWP sites, likely reflecting the differences in 
soil permeability of cultivated croplands and FWP sites planted with perennial cover 
(Detenbeck et. al. 2002, Tufekieglu et. al. 2001). 
Macroinvertebrate responses.-Invertebrate taxa richness, overall abundance, 
density, and biomass differed between years and changed seasonally. Few other measured 
factors influenced the macroinvertebrate communities. Invertebrate community structure of 
FWP sites and cultivated basins was simple, consisting of 25 families representing only three 
functional groups. Invertebrate diversity in FWP sites was similar to that previously reported 
in restored wetlands in central Iowa, but generally low in comparison to other investigations 
of wetlands throughout the Midwest (Table 4). Low inve1tebrate diversity was likely partly 
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related to the lack of detrivores in the invertebrate community. The relative absence of 
detrivores I observed is likely a product of site immaturity. That is, too little time had 
elapsed to permit the development of a significant litter layer on the substrate of sampled 
basins. Overall, abundances of shredders and predators were low, which as might be 
expected in systems with short hydrope1iods where water isn't present long enough for more 
complex communities to develop (Wiggins et. al. 1980). 
Factors potentially contributing to the low diversity and abundance of 
macroinvertebrates in FWP wetlands included immaturity of sites, site isolation, and the 
altered hydrology of the region. No sites had experienced more than 2-3 growing seasons; 
consequently, few had developed wetland plant communities. All sites had been subjected to 
an extended period of cultivation, so sites had not yet accumulated organic matter and may 
have been sterile of invertebrate eggs. Additionally less than half of the sites had been 
flooded during the previous year. Site immaturity coupled with isolation, previous land use, 
and altered hydrology, probably delayed invertebrate colonization (Gleason 2001, Anderson 
and Smith 2004, Stanczak and Keiper 2004, but see VanRees-Siewert 1993 and Juni and 
Berry 2001). 
More puzzling perhaps are the observed differences in invertebrate responses between 
2003 and 2004. That is, despite the additional year of site development and increased 
flooding across all sites in 2004, reduced diversity and abundances were observed compared 
to 2003. Embeddedness in agricultural croplands and receiving primarily surface runoff may 
subject the fauna to agricultural contamination (Grue et. al. 1989). The influx of water 
earlier in the growing season in 2004 may have delivered more agrochemicals and sediment 
to basins, known to negatively impact aquatic invertebrates (Gleason 2001). 
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Seed occurrences.-1 observed few plants characteristic of temporary pothole 
wetlands. Native vegetation in temporary wetlands consists of wet-meadow plants and plants 
capable of withstanding short-term inundation. In both years seed banks were dominated in 
both numbers and biomass by annuals, and with the exception of some generalist species 
such as river bulrush (Scripus spp.) and smartweed (Polygonum spp.) that readily colonize 
moist soil habitats, few seeds of wetland plants were found. Kantrud and Newton (1996) 
found that shallow zones of agricultural wetlands lacked vegetative diversity, which may 
stem from seed banks dominated by a few annual species. None of the site or surrounding 
landscape factors that I measured were related to seed richness, abundance, or biomass, nor 
did I detect any differences in seed occurrences between cultivated basins and FWP basins. 
My analysis may have been confounded by transport (e.g., overland flow) of seeds from 
areas adjacent to FWP and cultivated basins. Intensive agricultural activities typical of the 
southern PPR may also have played a role in limiting wetland seed occurrences (Gleason 
2001). Weinhold and van der Valk (1989) determined that up to 60% of prairie wetland 
seedbanks might be lost within 20 years of drainage. All FWP and cultivated basins in the 
study had been drained for > 20 years. Sedimentation as a result of agricultural practices 
(e.g. Fredrickson and Reid 1990) may have buried remaining wetland plant seeds or reduced 
their germination potential (Galinato and van der Valk 1986, Jurik et. al. 1994). 
CONCLUSIONS 
I found that the timing and duration of flooding of temporary wetlands restored 
through the FWP reflects the altered hydrology and agricultural impacts of the southern PPR. 
Flooding under natural conditions would be expected to be greatest in early spring following 
snow melt, whereas I observed flood pulses on FWP sites immediately following 
74 
precipitation events. The proportion of basins flooded in my study was greater at sites with 
extensive hydrologic treatment; however, there was no difference in duration of flooding 
between treatments. Macroinvertebrate diversity and abundance in FWP and cultivated 
basins was lower than that reported in previous investigations. Similarities in flooding 
regimes between hydrologic treatments, immaturity of sites, site isolation, and agricultural 
effects such as altered hydrology, sedimentation, and agrochemicals all may have contributed 
to low diversity, abundance, and biomass of aquatic macroinvertebrates. Abundance of 
invertebrates generally increased as the season progressed in 2004, though seasonal changes 
varied among specific functional group. Seed banks of FWP restored temporary wetlands 
did not differ from cultivated basins in terms of richness, abundance, or biomass. Seed 
occurrences were dominated by annual species with plants characteristic of temporary 
habitats poorly represented. Sedimentation and altered hydrologic inputs associated with 
adjacent agricultural activities may have contributed to low wetland plant species occurrence 
by contributing to sedimentation and altered hydrology. No FWP plantings included aquatic 
plant species. In the future, managers should consider incorporating aquatic species in their 
seed mixes to enhance wetland habitat functions and provide habitat for more diverse 
macroinvertebrate communities. Managers also may wish to consider inoculating restored 
basins with sediments from existing wetlands which may contain invertebrate eggs or 
invertebrates in diapause, as well a more diverse and viable seed bank. 
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Figure 1. Distribution of study sites within four county north-central Iowa study area in 
relation to the Prairie Pothole Region of North America. 
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Figure 2. Proportion of Farmable Wetland Program sites (n = 24/treatment) and cultivated 
basins (n = 10) in north-central Iowa flooded during study season in 2003 (above) and 2004 
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Figure 3. Flooding frequency of treatment and cultivated study basins enrolled in USDA 
Farmable Wetlands Program in north-central Iowa, May - July 2003 and March - July 2004. 
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Figure 4. Taxonomic richness of aquatic macroinvertebrate (mean ±SE) at USDA Farmable 
Wetland Program and cultivated basins in north-central Iowa, USA, May- July 2003 and 
March -July 2004. 
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Figure 5. Seasonal changes (mean ±SE) in abundance of all macroinvertebrates (A) and 
abundances of predator (B), collector (C), and scraper (D) functional groups in USDA 
Farmable Wetland Program wetlands and cultivated basins in north-central Iowa, May - July 
2003 and March - July 2004. 
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Table 1. Frequency of occurrence and functional group affiliations of 26 aquatic invertebrate 
taxa collected from USDA Farmable Wetland Program easements and cultivated basins in 
north-central Iowa, USA, May - July 2003 and March - July 2004. 
Frequency of 
Occurrence (%) I 
Class Order Famil~ Functional GrouE 2003 (n = 12) 2004 (n = 38) 
Oligochaeta Collector 0.08 0.03 
Gastropoda Basornrnatophora Planorbidae Collector 0.75 0.61 
Lyrnnaeidae Scraper 0.33 0.50 
Physidae Collector 0.08 0.11 
Mesogastropoda Hydrobiidae Collector 0.08 0.26 
Bivalva Pelecypoda Sphaeridae Collector 0.17 0.03 
Crustacea Isopoda Collector 0.00 0.03 
Amphipoda Collector 0.00 0.03 
Ostracoda Podocopa Collector 0.33 0.05 
Collembola lsotomidae Collector 0.08 0.03 
Insecta Ephemeroptera Baetidae Collector 0.08 0.00 
Odon a ta Lestidae Predator 0.25 0.00 
Libellulidae Predator 0.08 0.00 
Coenagrionidae Predator 0.00 0.05 
Hempitera Notonectidae Predator 0.17 0.00 
Corixidae Collector 0.08 0.05 
Coleoptera Hydrophilidae Predator 0.50 0.32 
Dytiscidae Predator 0.33 0.05 
Haliplidae Shredder/Collector 2 0.00 0.05 
Diptera Chrionomidae Collector 0.42 0.34 
Cucilidae Collector 0.25 0.21 
Simuliidae Collector 0.08 0.00 
Tipulidae Shredder/Collector 2 0.00 0.03 
Dolichopodae Predator 0.08 0.00 
Megaloptera Sialidae Predator 0.17 0.00 
Trichoptera Rhyacophilidae Predator 0.00 0.03 
1 Occurrence = proportion of all sampled sites where taxon occurred. 
2 Immature individuals are described as part of collector functional group. 
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Table 2. Abundance, density, and dry biomass of aquatic invertebrates collected from USDA 
Farmable Wetland Program easements and cultivated basins in north-central Iowa, USA, 
May - July 2003 and March - July 2004. 
Number of 
Treatment Functional Group Tax a Abundance I D . 2 ens1ty Dry Biomass3 
2003 
Control Predator 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 
Collector I Gatherer 9.33 (2.33) 228.48 (57.12) 0.012 (0.003) 
Scraper 7.33 (7.33) 179.52 (179.52) 0.044 (0.044) 
Shredder 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 
Total 2.67 (0.67) 17.00 (8.33) 416.16 (203.86) 0 .057 (0.044) 
Minimal Predator 1.17 (0.54) 28.56 (13.28) 0.003 (0.001 ) 
Collector I Gatherer 33.83 (24.79) 828.23 (606.90) 0.013 (0.007) 
Scraper 1.33 (0.99) 32.64 (24.21) 0.004 (0.003) 
Shredder 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 
Total 3.67 (0.92) 40.00 (27.83) 979.19 (681.23) 0.019 (0.008) 
Extensive Predator 3.07 (1.02) 75.19 (25.07) 0.005 (0.001) 
Collector I Gatherer 24.43 (6.91) 598.01 (169.19) 0.034 (0.015) 
Scraper 4.00 (2.62) 97.92 (64.16) 0.042 (0.030) 
Shredder 0 .00 (0.00) 0.00 (0.00) 0.00 (0.00) 
Total 3.64 (0.39) 32.71 (6.65) 800.84 (162.88) 0.082 (0.030) 
2004 
Control Predator 1.60 (1.36) 39.17 (33.39) 0.003 (0.003) 
Collector I Gatherer 4.40 (2.80) 107.71 (68.63) 0.005 (0.003) 
Scraper 8.60 (6.68) 210.53 (163.59) 0.031 (0.024) 
Shredder 0 .00 (0.00) 0.00 (0.00) 0.00 (0.00) 
Total 2.80 (0.73) 15.20 (7.87) 372.09 (192.66) 0.041 (0.27) 
Minimal Predator 0 .62 (0.25) 15.19 (6.00) 0.001 (0.000) 
Collector I Gatherer 14.31 (5.82) 350.31 (142.49) 0.048 (0.025) 
Scraper 6.10 (2.73) 149.41 (66. 76) 0.062 (0.033 
Shredder 0.07 (0.03) 1.69 (1.17) 0.000 (0.000) 
Total 2.14 (0.28) 22.03 (8.28) 539.40 (202.76) 0.111 (0.054 
Extensive Predator 0.45 (0.17) 11.07 (4.19) 0 .001 (0.001) 
Collector I Gatherer 8.14 (2.79) 199.34 (68.29) 0.023 (0.012) 
Scraper 4.67 (2.04) 114.24 (50.02) 0.037 (0.019) 
Shredder 0.02 (0.02) 0.58 (0.58) 0.000 (0.000) 
Total 1.81 (0.21) 13.83 (3.60) 338.64 (88.08) 0.063 (0.022) 
1 Mean abundance per sampled basin. 
2 Density= individuals/m2. 
3 Dry biomass measured in grams. 
87 
Table 3. Frequency of occurrence of aquatic and non-aquatic plant seeds in USDA Farmable 
Wetland Program easements and cultivated basins in north-central Iowa, May - July 2003 
and March - July 2004. 
Hydrologic Treatment 
Cultivated Minimal Extensive 
2003 2004 2003 2004 2003 2004 
Species I (n = 3) (n = 4) (n = 3) (n =16) (n = 7) (n =18) 
Aquatic 
Amaranthus spp. 1.00 1.00 0.67 1.00 1.00 1.00 
Echinolchola spp. 0.33 0.75 1.00 0.88 1.00 1.00 
Polygonum spp. 0.33 0.50 1.00 0.94 0.86 0.72 
Scripus spp. 0.00 0.00 0.33 0.69 0.14 0.44 
Non-aquatic 
Ambrosia spp. 0.00 0.00 0.33 0.13 0.14 0.06 
Avena saliva 0.00 0.00 0.00 0.25 0.00 0.17 
Digitaria spp. 0.00 0.00 0.00 0.13 0.14 0.11 
Mitchella repens 0.00 0.00 0.00 0.19 0.00 0.22 
Panicum spp. 0.00 0.00 0.00 0.50 0.14 0.50 
Phalaris arundinacea 0.00 0.00 0.33 0.06 0.14 0.06 
Potentilla palustris 0.33 0.00 0.00 0.13 0.00 0.11 
Setaria spp. 0.00 0.25 0.00 0.56 0.00 0.56 
Solanum spp. 0.00 0.00 0.00 0.19 0.00 0.11 
Xanthium strumarium 0.00 0.00 0.00 0.19 0.14 0.17 
1 Species with :S10% occurrence in all hydrologic treatment categories were excluded 
from the table. Aquatic taxa included: Asclepias syriara, Bidens comosa, Eleocharis 
spp., Juncus spp., Najas marina, Nelumbo lutea, Nymphaea odorata, Potamogeton spp., 
Proserpinica palustris, Rorippa nasturium, and Sagittaria spp. Non-aquatic species 
included: Agrimonia perviflora, Agropyron repens, Anemone canadensis, Crotolaria 
striata, Chamaecrista nictitans, Dioda teres, Eragraostis cilianensis, Euphorbia dentata, 
Festuca obtusa, Holcus lanatus, Lotus scoparius, Medicago sativa, Melilotus officinalis, 
Paspalum distichum, Paa annua, Potentilla palustris, Ranunculus cybalaria, Rosa 
multiflora, Solidago canadensis, Sporobolus cryptandrus, Taraxcum officinale, Trifolium 
repens, and Verbena stricta. 
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Table 4. Invertebrate taxa richness in several wetland habitats of the Midwestern Great 
Plains, USA. 
Habitat Taxa Richness 
LaGrange and Dinsmore (1989) Natural Pothole (IA) 18.0 
Delphey (1991) Restored Pothole (IA) 16.8 
Natural Pothole (IA) 22.5 
VanRees - Siewert (1993) Restored Pothole (IA) 32.0 - 41.1 
Juni and Berry (2001) Potholes (SD) 52.0 
Knapp (2001) Pothole (SD) 91.0 
Anderson and Smith (2004) Playa microcosms (TX) 26.0 
Hall et. al. (2004) Playa wetland (TX) 47.0 
Whiles and Goldowitz (2005) Platte River wetland (NB) 79.0 
Current Study (2005) Restored Pothole (IA) 25.0 
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CHAPTER 4. BREEDING WATERFOWL AND RING-NECKED PHEASANT 
RESPONSES TO RESTORED TEMPORARY WETLANDS IN EASTERN SOUTH 
DAKOTA 
A paper to be submitted to The Prairie Naturalist 
Ryan N. Harr 
ABSTRACT 
Landscapes of the Prairie Pothole Region have been drastically altered since 
settlement, and though intensive as Iowa and Minnesota, commodity agriculture production 
increasingly dominates the landscape of the Dakotas. I studied breeding waterfowl and ring-
necked pheasants (Phasianus colchicus) use of temporary wetlands established in eastern 
South Dakota under USDA's Farmable Wetlands Program (FWP) during 2003 and 2004. I 
found no differences in habitat measurements between types of plantings or levels of 
hydrologic treatment, but there were differences between years within treatments. These 
yearly habitat differences were most likely the result of increased precipitation in 2004. Sites 
with more extensive hydrologic treatment typically had more surface water, and subsequently 
more waterfowl use. Waterfowl species richness and abundance were also positively related 
to site size. Nesting waterfowl and pheasants were heavily predated by mammals; successful 
nests tended to be in taller, denser cover and located farther from restored wetland basins. In 
the future, resource managers should seek to restore original site hydrology to the fullest 
extent possible, and encourage landowners to maximize site size within program limitations 
in order to provide more nesting habitat away from edges. Planting mixtures should include 
species that will yield tall and dense nesting cover. 
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INTRODUCTION 
Wetland and grassland habitats in the Northern Great Plains have undergone 
substantial modification since settlement. Changes have been especially dramatic in the 
tallgrass region of Minnesota and Iowa, where less than 1 % of native prairies and pothole 
wetlands remain today (Bishop et al. 1998, Smith 1998, Heard et al. 2000). Due to a drier 
climate and shorter growing season, conversion of eastern South Dakota wetlands to 
agricultural uses, wetland modification has been less severe in the Dakotas (35%, Dahl 1990) 
than in Minnesota and Iowa. Nevertheless, small and temporary wetlands, the shallowest and 
most easily drained basins, have been severely impacted throughout the PPR. Impacts on 
regional and local hydrology in the southern reaches of the PPR have been substantial , 
resulting in altered sources, timing, and volumes of flooding. Sources of water for northern 
prairie wetlands have been changed from systems inter-connected through groundwater to 
isolated basins receiving water primarily from overland flow with minimal infiltration into 
surrounding watersheds. These changes in hydrologic patterns may have implications for 
migrating wildlife dependent on wetlands in the region for stopover habitat. Indeed, 
populations of grassland and wetland wildlife have been greatly affected by conversions of 
native habitats to agricultural uses. Long-term waterfowl population declines are thought to 
be related to changes in the number and quality of pothole wetlands (Beauchamp et. al. 
1996). 
Conservation titles of the 1985 Farm Security Act (hereafter, Farm Bill) contained 
disincentives for future drainage of wetlands (Swampbuster) and tillage of grasslands 
(Sodbuster). The 1985 Farm Bill also introduced the Conservation Reserve Program (CRP), 
which retired land from agricultural use in return for annual rental payments. Establishment 
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of perennial cover under CRP had a measurable affect on wildlife populations (Heard et al. 
2000). Research has suggested that grasslands, primarily restored through the CRP, support 
more species diversity and greater species abundance of grassland birds than do row-crop 
fields (Best et. al. 1997, McCoy et. al. 1999, Best et. al. 2001). Further, CRP habitats have 
been shown to provide important nesting habitat for waterfowl, contributing to the 
production of an additional 12.4 million ducks in the pothole region between 1992 and 1997 
(Kantrud 1993, Reynolds et. al. 1994, Reynolds et al. 2001). 
In 2001, the Farmable Wetland Program (FWP) was added to the suite of programs 
available to restore wetlands on private lands. FWP is unique in its focus on small wet areas 
that have been converted to cropland. FWP was initially introduced as a pilot project limited 
to the six states in the Prairie Pothole Region (hereafter PPR). FWP was expanded 
nationwide in 2002, though no contracts had been approved outside the PPR at the time my 
study began (USDA 2003). Currently, up to 40,485 ha (100,000 ac) may be enrolled into 
FWP in any given state until a 404,858 ha (1 million ac) nation-wide cap is reached. In 
South Dakota, FWP is applied on sloped linear wetlands unique to the eastern part of the 
state, as well as to altered temporary basins in cropland. 
Under FWP, landowners are allowed to enroll wetlands of up to roughly 2-ha (5- ac) 
and a buffer ranging minimally from a 9.1 m (30 ft) buffer around the wetland to maximally 
three-times the area of the wetland basin, for a total of not more than approximately 8.1-ha 
(20-ac) per site. A total of 16.2-ha ( 40-ac) may be enrolled on any single piece of property 
(USDA 2001). Methods followed to reconstruct wetland and upland components of FWP 
easements vary from site to site. Extent of hydrologic treatment varies from cessation of 
agricultural production (i .e., no restoration) to construction of berms and drainage ditch 
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plugs. Vegetative reconstruction ranges from the planting mixes of cool-season introduced 
species to predominately warm-season native species. 
In support of resource managers seeking to optimize environmental benefits of USDA 
conservation programs, my study examined use of FWP sites in eastern South Dakota by 
breeding waterfowl and ring-necked pheasant (Phasianus colchicus) in relation to the extent 
of hydrologic treatment, vegetative characteristics, and size of easements. I focused on 
waterfowl and ring-necked pheasants because of their recreational and economic importance 
in the region. I predicted that waterfowl use of sites would be positively associated with 
level of hydrologic treatment and size of sites. Assuming that there is increased risk of nest 
predation in habitats with high edge densities (Schmitz and Clark 1999), I predicted that nest 
success would be highest in large sites. I expected that warm-season plantings would 
provide denser and more structurally diverse cover, and thus contribute to higher waterfowl 
and pheasant nest success. 
STUDY AREA 
I selected FWP restorations located in Lincoln, Minnehaha, and Moody counties in 
eastern South Dakota (Fig. 1). Topography of these eastern South Dakota counties was 
typically gently to moderately rolling. The dominant land use today is row-crop agriculture. 
Sloped wetlands persist in eastern South Dakota because traditional land uses (i.e., grazing 
and small grain production) did not justify installation of subsurface drainage. However, 
landowner interest in drainage increased substantially during the 1990s with increases in com 
(Zea maize) and especially soybeans (Glycine max) acreages in the region. 
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METHODS 
Site Selection. - Before starting fieldwork, I screened sites using Farm Service 
Agency (FSA) and Natural Resources Conservation Service (NRCS) records to determine the 
types of practices that were installed on wetland and upland portions of easements. I defined 
sites as an entire CRP contract area including both wetland and upland components. I 
classified sites as receiving either extensive hydrologic treatment (i.e., those with dikes, 
surface drain plugs, excavations, or removal of any subsurface drainage systems) or minimal 
hydrologic treatment (i.e., removed from agricultural production, but little or no modification 
of the basin). Mixes of cool season, introduced species or warm season, native species were 
planted on FWP sites. Cool-season seeding mixes included species such as smooth 
bromegrass (Bromus enermis), wheatgrass (Elytrigia spp.), orchardgrass (Dactylis 
glomerata), and alfalfa (Medicago sativa), or clover (Trifolium spp.). Warm-season seeding 
mixes typically included native species such as switchgrass (Panicum virgatum), big 
bluestem (Andropogen gerardii), and indiangrass (Sorghastrum nutans). All 28 sites 
selected in 2003 had been under USDA conservation contract since 2001, and most seedings 
were in their third growing season at the beginning of fieldwork. Of the twenty sites 
classified as cool-season plantings, ten had minimal hydrologic treatment and ten had 
extensive hydrologic treatment. Seven sites had warm-season plantings with minimal 
hydrologic treatment and only one suitable site was found with both warm-season planting 
and extensive hydrologic treatment. Eight additional sites were added to the study in 2004: 7 
cool-season plantings with minimal hydrologic treatment and one had cool-season planting 
with extensive hydrologic treatment. 
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Habitat Sampling. - Vegetation measurements were taken in late June at 10-m 
intervals along a 50-m transect extending from the approximate center of the restored basin 
in a randomly chosen cardinal compass direction. Species composition and percentage 
canopy coverage measurements were taken using a l-m2 quadrat (modified from Daubenmire 
1959). Visual obstruction measurements (±0.1 m) were recorded using a Robel pole 
observed from 4 m away at a height of 1 m in each of the 4 cardinal directions (Robel et al. 
1970). Maximum vegetation heights, litter depth, and water depth were taken using a 
standard meter stick to the nearest centimeter (± 1.0 cm). 
Waterfowl Surveys. - Following United States Fish and Wildlife Service (USFWS) 
protocol, waterfowl surveys were conducted between 1 May and 15 May and again between 
20 May and 5 June of each year (Klett et al. 1986). During surveys observers first viewed 
the site from an overall vantage point or walked the perimeter of the wetland when the entire 
site could not be adequately observed from a single vantage point. An observer then waded 
through dense emergent vegetation in a zigzag pattern with a second observer positioned at a 
higher location to assist with identification and enumeration of flushing birds (Ron Reynolds 
and Brian Wangler, U.S. Fish and Wildlife Service Habitat and Population Evaluation Team, 
pers. comm.). Counts were conducted between 0900 hours and 1500 hours under fog- and 
rain-free conditions when winds were< 20 km/h (Ratti et al. 2001). Species and gender of 
waterfowl and pheasants observed initially before entering the FWP site and all birds flushed 
during conduct of surveys were recorded. Birds observed as flying over the wetland were not 
included in analyses. 
Nest Searches. - Entire sites were searched for waterfowl and ring-necked pheasant 
nests three-times per season. Timing of the first two searches coincided with that of the 
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waterfowl surveys. A third search was conducted between 10 June and 25 June. All nest 
searches were conducted between 0700 and 1300 hours (Kantrud 1993). Nest searches were 
conducted by dragging a weighted rope with noise-makers through the vegetation between 
two people (a modification of Klett et al. 1986). A third observer followed approximately 10 
meters behind the center of the rope to enhance the effectiveness of the rope drag and assist 
in precisely locating flushing birds. In portions of sites where wetland vegetation prevented 
the use of dragging methods, the area was searched by observers walking or wading abreast 
through vegetation approximately 1 m apart. 
Upon location, nest status (active or inactive), clutch size, and stage of embryonic 
development were determined via candling (Weller 1956). Active waterfowl and pheasant 
nests were marked by placing a wooden stake approximately 10 m away to minimize 
potential detection by predators. Nests, approached from different directions, were visited 
once every five to eight days to determine fate. Nests were considered successful if at least 
one egg hatched. 
Statistical Analysis. - I assessed differences in vegetation between years and sites 
using analysis of variance (PROC MIXED, SAS 2003). Maximum likelihood estimation was 
specified for all mixed-model analyses with site included as a random effect. I assessed 
differences in 2004 waterfowl species richness and abundance between levels of hydrologic 
treatment, initial planting mixtures, and size using analysis of covariance (ANCOV A). 
Waterfowl survey data gathered in 2003 was not included in analyses, thus analyses were run 
on 2004 survey data only. I was unable to normalize waterfowl survey data using natural 
log, log, and square root transformations, thus I used a generalized linear model to examine 
datasets with specified Poisson distributions (PROC GENMOD, SAS 2003). Site size was 
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treated as a covariate in all models. All models initially included interactions between level 
of hydrologic treatment or planting mixture and site size. If an interaction was not significant 
(p :S 0.05), it was removed from subsequent analyses. A p-value of a :S 0.05 was considered 
as evidence of a significant difference for all statistical tests. 
Success rates for nests located in 2004 were calculated using Mayfield's (1975) 
method and Johnson (1979). Species laying and incubation intervals followed Baicich and 
Harrison (2000). Only three nests were located in 2003, all of which were abandoned or 
predated immediately after discovery. These nests were not included in overall nest success 
calculations. Differences between nest-site vegetation characteristics were assessed using a 
maximum likelihood estimation method ANOV A with site incorporated as a random effect 
(PROC MIXED, SAS 2003). 
RESULTS 
Habitat Assessment. - There were no differences observed in structural or 
compositional vegetative measurements between cool- and warm-season planting mixtures in 
either year (Table 1), nor were there any differences in any structural or compositional 
measurements taken at FWP sites with minimal or extensive hydrologic treatments in either 
year (Table 1). All observed differences in vegetation structure and composition were 
differences between years within type of planting mixture or level of hydrologic treatment. 
Vertical density and maximum live vegetation height decreased from 2003 to 2004, whereas 
standing dead vegetation, percent litter cover, and percent dead canopy coverage increased in 
2004. Percent water coverage and percent sedge/rush coverage both increased in 2004. 
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Twenty-eight percent (10/36) of basins were flooded during the first round of 2004 
waterfowl surveys and 56% (20/36) were flooded during the second round of surveys. 
Waterfowl Surveys. - I detected 96 waterfowl (5 species) in 2003 and 194 waterfowl 
(8 species), 37 ring-necked pheasants, and 7 gray partridge in 2004 (Table 2). Blue-winged 
teal were the most commonly recorded species in both years. Eighty percent of flooded 
basins received waterfowl use during the first survey period, whereas 55% of flooded basins 
had waterfowl use during the second waterfowl survey period. 
Total waterfowl species richness on FWP sites was not related to level of hydrologic 
treatment (x2 = 1.53; 1 d.f., p = 0.2155), nor was the number of species influenced by type of 
planting mixture (x2 = 0.16; 1d.f.,p=0.6933). There was no evidence of a hydrologic 
treatment X site size effect (x2 = 0.88; 1 d.f., p = 0.3472); however, size of the restoration site 
was positively related to waterfowl species richness (x2 = 21.44; 1 d.f., p < 0.0001). 
Waterfowl abundance was unrelated to the hydrologic treatment X size of restoration 
interaction (x2 = 1.56, 1 d.f., p = 0.2120). Waterfowl were more abundant in extensive than 
minimal hydrologic treatments (x2 = 13.25; 1 d.f., p = 0.0003). Larger sites saw greater 
waterfowl use than smaller sites (x2 = 38.93; 1 d.f., p < 0.0001). Planting mixture was 
unrelated to waterfowl abundance (X2 = 1.66; 1 d.f., p = 0.1975). 
Nest Abundance and Success. -Twenty-four active nests of three duck species were 
found in 2004. Because there were fewer active waterfowl nests located than there were 
study sites, I did not test for differences in nest abundance between types of hydrologic 
treatment. Mean daily survival rate (DSR) for waterfowl species was 0.9148 and ranged 
from 0.876 (Blue-winged Teal) to 0.9316 (Gadwall) (Table 3). Nest success for individual 
species ranged from 0% to 7.8% (Table 3). Due to small sample sizes, I did not test for 
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differences in DSRs between types of hydrologic treatment. All nest losses were the result of 
predation, primarily by mammals. There were no differences between successful and failed 
waterfowl nests in characteristics of nest-site vegetation or distance to nearest edge (F :S 0.19; 
1, 24 d.f., p ~ 0.6676). 
Thirteen active and 19 inactive ring-necked pheasant nests were located during the 
2004 season. DSR for Ring-necked pheasants was 0.9118, with a nest success of 3.6% 
(Table 3). I did not test for differences in DSR among hydrologic and planting treatments 
because my sample size was small(< 20 nests). I found no differences between successful 
and failed nests in nest-site vegetation characteristics (F :S 2.73; 1, 13 d.f., p ~ 0.1224), 
distance to nearest edge (F = 1.29; 1, 13 d.f. , p = 0.2774), or distance to basin between 
successful and failed nests (F = 0.12; 1, 13 d.f., p = 0. 7324) (Table 4 ). 
DISCUSSION 
Habitat structure and composition. - Vegetative structure and composition did not 
differ between cool- and warm-season planting mixtures or hydrologic treatments. 
Similarities in vegetative structure probably were related to age of stands ( <3 years), lack of 
follow-up vegetative management on warm-season plantings, selection of species in both 
mixes that provide robust structure, and similar flooding regimes in minimal and extensive 
hydrologic treatments. No sites had had experienced more than two growing seasons at the 
start of my study. Cool-season planting mixtures typically establish more quickly than do 
warm-season plantings; however, neither planting mixture in my study may have matured 
long enough to provide distinguishable differences. Dominant broadleaf plants at FWP sites 
included early-successional species such as ragweed (Ambrosia spp.) and Canada thistle 
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(Cirsium arvense). Further obscuring potential differences between planting types was the 
high prevalence of wheatgrass in many cool-season plantings. The species is structurally 
similar to native species and relatively easy to establish (see Johnson and Larson 1999). 
Plantings included no aquatic plant species. Combined with similar flooding regimes 
between treatments, no vegetative structure differences were found between hydrologic 
treatments. None of my study sites received follow-up management recommended for 
establishment of warm-season plants (USDA 1997). Consequently, disturbance adapted 
species likely persisted in all sites longer than would have been the case than if warm-season 
plantings had received prescribed follow-up practices. 
Annual differences flooding and vegetation characteristics were indicative of 
increased rainfall and delayed stand maturity in 2004. Compared to 2003, 2004 was 
generally a wetter spring and summer across much of the southern prairie pothole region. 
Monthly rainfall recorded at Sioux Falls, SD, was 12.0 cm in May and 6.4 cm in June above 
average precipitation (NCDC 2005). The increased flooding in 2004 tended to delay plant 
growth, reducing vertical density and live height of vegetation and increasing litter. 
Waterfowl and pheasant use of FWP sites. - Temporary wetlands are invaluable 
habitats for waterfowl in many life history stages. Dwyer et. al. (1979), Krapu et. al. (1997) 
and Krapu et. al. (2000) stressed the importance of temporary wetlands to breeding 
waterfowl. Naugle et. al. (2001) found that habitat suitability of more permanent wetlands 
for several species of waterbirds (e.g., mallards, northern pintails) declined when temporary 
wetlands were not present in the landscape. LaGrange and Dinsmore's (1984) study 
documented extensive use of temporary spring ponds in Iowa agricultural fields by migrating 
waterfowl. Kirschenmann (1996) also reported waterfowl use of flooded temporary basins in 
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agricultural fields in eastern South Dakota. The early availability and increased food 
abundance needed for increased nutritional demands during migration and breeding make 
temporary wetlands attractive for waterfowl. The habitat diversity temporary wetlands 
provide within larger wetland complexes increase nesting opportunities for waterfowl, as 
well as for other wetland associated avifauna (e.g., Krapu 2000, Naugle 2001, Fairbairn and 
Dinsmore 2001). 
My study documented use of FWP easements by eight species of waterfowl and 
confirmed nesting by three of these species in 2004. I also documented numerous nesting 
attempts by ring-necked pheasants in 2004. Most FWP sites in my study received at least 
some waterfowl use, regardless of the vegetative or hydrologic treatment. Although I found 
no differences in waterfowl species richness between hydrologic treatments, there was a 
positive relationship between waterfowl species richness and size of the FWP site. Daub 
(1993) found a similar pattern of species richness increase with increasing wetland size 
(range 0.1 - 19.3 ha) in her study of avian species richness on prairie wetlands in southern 
Canada. Vegetative planting mixes used in FWP easements contained no aquatic or wetland 
plants, thus neither planting mix provided itself wetland vegetation as habitat. Any 
hydrophytic vegetation present was the result of natural regeneration. Fairbairn and 
Dinsmore's (2001) study of waterfowl use of Iowa pothole wetlands noted the importance of 
emergent vegetation to richness and diversity of breeding birds. Additionally, Krapu et. al. 
(1997) described mallard use of a variety of wetland habitats to meet their nesting and 
nutritional needs. The lack of hydrophytic vegetation in FWP easements resulted in less 
cover and likely led to reduced macroinvertebrate occurrences (Kaminski and Prince 1981, 
Krapu et. al. 1997), vital food sources for breeding waterfowl (e.g. Joyner 1980, Kaminski 
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and Prince 1981, Cox et. al. 1998). Thus, the similarity in waterfowl species richness at sites 
with cool- and warm-season plantings was probably a consequence of this lack of 
hydrophytic vegetation in either planting mix, as well as overall stand immaturity. Whereas 
waterfowl species richness showed no difference, abundance of waterfowl was related to 
hydrologic treatment and size of FWP sites. Wetland size has been linked to measures of 
waterfowl abundance in several previous investigations. Cowardin et. al. (1998) found that 
dabbler pair usage of wetlands in North Dakota and Minnesota was best explained by pond 
surface area, suggesting water availability is important to waterfowl abundance. Fairbairn 
and Dinsmore's (2001) study found similar results in Iowa wetlands, concluding that amount 
of wetland habitat in wetland complexes is an important factor in wetland bird abundance. 
Stephens et. al. (2003) study of restored and natural wetlands in Canada found that both 
waterfowl species richness as well as pair abundance was strongly correlated with wetland 
area. Here I speculate that larger wetlands (and subsequently larger buffer zones) were more 
likely to offer foraging, breeding, and nesting opportunities to waterfowl, and thus 
experienced more waterfowl use. 
Nest success. - Estimates of nest success for waterfowl (and ring-necked pheasants) 
were< 10%, below the 15-20% threshold of nest success noted as necessary for population 
stability (Cowardin 1985, Klett et. al. 1988). Estimates of nest success across the agricultural 
Midwest range from 2.7 - 25.0% (Table 5), but virtually all exceed that which I found on 
FWP sites. No successful waterfowl nests were located on FWP easements in north-central 
Iowa (Harr 2005). I estimated ring-necked pheasant nest success in Iowa FWP easements at 
4.9%, only slightly higher than for pheasant nests in South Dakota. 
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As in other studies of waterfowl nest success in the PPR, the major source nest losses 
in my study sites was predation, attributed almost exclusively to mammals (Johnson et al. 
1989, Kantrud 1993, Pasitschniak-Arts and Messier 1995, Reynolds et. al. 2001, Phillips et 
al. 2003). Low nest success in my study was likely related to increased predation risk 
associated with small patches. Sites ranged in size from approximately 1.0 - 16.2 ha (2.4 to 
40.0 acres). Previous studies have illustrated that waterfowl nest success improved across 
habitats following the introduction of CRP set-aside habitats (Reynolds 2000, Reynolds et. 
al. 2001). Introducing CRP increased the amount of overall perennial cover within the 
landscape, likely distributing predators across habitats. These studies typically examined 
blocks of CRP habitat 2: 16.2 ha (40.0 ac), whereas program rules limit FWP site size to a 
maximum of 16.2 ha (40.0 ac) per piece of land. Increased habitat edge densities associated 
with small patches likely increase risk of nest predation (Schmitz and Clark). The trend 
towards increased nest success with increased distance from basin is in keeping with Kuehl 
and Clark's (2002) models of individual predator species' use of landscapes. These indicated 
that number of wetlands and amount of wetland edge were important predictors of skunk and 
red fox abundance in the PPR of north-central Iowa. Both species have been documented as 
important nest predators across the PPR (Johnson et al. 1989, Fleskes and Klaas 1991, 
Pasitschniak-Arts and Messier 1995, Schmitz and Clark 1999, Phillips et al. 2003). 
The wetlands and associated buffers of FWP easements do provide suitable habitats 
for nesting waterfowl and ring-necked pheasants. However, the small size and high wetland 
edge density of FWP sites seem to greatly increase predation risks to nesting birds. Because 
of the unavoidably high edge to area ratio characteristic of many FWP sites, waterfowl and 
pheasants nesting in FWP sites likely will experience lower nest success compared to birds 
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using more expansive habitats with reduced edge. However, FWP sites likely remain 
valuable habitats when considered as a component of the overall landscape, and may 
contribute to improved nest success in adjacent areas (Reynolds et. al. 2001). 
MANAGEMENT CONSIDERATIONS 
This study examined the waterfowl and ring-necked pheasant use of wetlands and 
associated upland buffers reconstructed in the southern Prairie Pothole Region under 
USDA's Farmable Wetland Program. Site characteristics included in my analysis included 
site size, extent of hydrologic restoration, type of vegetative planting, and duration of 
flooding. Wetland managers seeking to restore temporary wetlands in the southern PPR 
likely will continue to be challenged by the overwhelming influence of surrounding 
agricultural land uses. Specifically, the impermeability of soils under conventional tillage 
practices leads to increased sediment delivery, increased surface runoff, and greater 
magnitude of runoff events. Inadequate residual cover in basin watersheds may result in 
insufficient snowmelt to fill basins in early spring. 
The FWP offers the potential to increase temporary wetland habitats and restore 
wetland functions that may be underrepresented in landscapes of the PPR due to ease of 
conversion to agriculture. My results suggest that resource managers should seek to restore 
hydrology of FWP sites to the maximum extent possible to resemble historical flooding 
regimes. Sites with extensive hydrologic treatment tended to provide more water coverage. 
FWP sites were too young to fully assess the potential importance of cool- versus warm-
season plantings on waterfowl and pheasant use. Priority should be given to FWP 
applications located in areas with substantial amounts of existing perennial habitat in the 
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landscape to reduce negative influences on nest success. Managers should consider plantings 
including separate wetland and upland species in seeding mixes that will provide diverse 
structure and cover types for wetland and grassland birds. Diversifying the vegetative 
community will provide habitat opportunities for more species of waterfowl and upland 
birds. Future research efforts are needed to better understand the reproductive parameters and 
contributions to waterfowl populations that small temporary habitats may provide. As FWP 
habitats increase in age, assessment of vegetative patterns may be more successful, and aid in 
increasing reproductive success. Assessing the effect of FWP on habitat patterns in the 
landscape would be valuable information to resource managers in their conservation planning 
efforts. 
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Figure 1. Location of eastern South Dakota FWP study area within the Prairie Pothole 
Region of North America. 
Table 1. Mean and SE of vegetation structure and composition variables by planting mixture and hydrologic treatment in 
Farmable Wetland Program sites in eastern South Dakota, USA, 2003-2004. 
Planting mixture I Hl'.drologic treatment2 
Cool-season Warm-season Minimal Extensive 
Variable3 2003 2004 2003 2004 2003 2004 2003 
Visual obstruction (dm) 8.73 (0.97) 5.38 (0.47)4 8.34 (1.19) 4.39 (0.885) 9.65 (1.23) 5.35 (0.64) 7.44 (0.74) 
Maximum live height (cm) 112.91 (8. 72) 99.86 (6.07) 97.31(12.11) 90.81 (15.32) 114.18 (11.54) 99.36 (8.99) 101.85 (7.80) 
Maximum dead height (cm) 34.50 (6.77) 81.32 (7.42) 50.17 (12.88) 63.89 (6.32) 46.17 (10.00) 78. 72 (8.07) 30.68 (5.89) 
Litter depth (cm) 0.99 (0.37) 1.06 (0.13) 1.33 (0.50) 1.87 (0.38) 1.51 (0.51) 1.39 (0.22) 0.60 (0.20) 
Water depth (cm) 1.73 (0.87) 4.23 (l.44) 2.10 (l.11) 5.04 (2.89) 1.98 (1.09) 3.44 (1.36) 1.67 (0.82) 
Grass cover (%) 43.93 (5.80) 46.71 (4.25) 45.83 (8.43) 34.81 (7.96) 42.14 (7.31) 44.78 (5.34) 47.17 (5.89) 
Forb cover(%) 16.60 (2.75) 11.05 (l.85) 17.62 (4.92) 20.71 (5.45) 19.58 (3 .35) 13.29 (2.69) 14.17 (3.27) 
Litter cover(%) 12.27 (l.66) 53.89 (5.98) 14.79 (6.60) 58.63 (10.68) 13.75 (3.56) 55.01 (7.07) 12.12 (2.33) 
Standing dead (%) 5.12 (0.61) 13.92 (1.72) 5.10 (1.26) 17.87 (3.68) 5.22 (0.77) 16.03 (2.09) 5.00 (0.83) 
Bare ground(%) 13.22 (2.37) 11.63 (2.30) 6.88 (2.34) 4.72 (l.97) 9.86 (2.61) 7.88 (2.17) 13.19 (2.69) 
Woody cover(%) 1.04 (0.62) 5.09 (1.51) 1.25 (l.25) 5.93 (2.63) 1.22 (0.77) 4.32 (1.47) 0.96 (0.83) 
Sedge/rush cover (%) 9.13 (4.26) 21.17 (5.46) 10.21 (5.46) 28.70 (10.31) 8.78 (4.49) 25.00 (6.90) 10.19 (5.49) 
Water(%) 
1 Cool season planting mixtures include non-native species such as bromegrass, orchard grass, and alfalfa; warm-season plantings include 
switchgrass, big bluestem, indian grass, and native forbs. 
2 Minimal hydrologic treatment defined as cessation of agricultural practices, closing surface intakes, and blocking or removing small drainage 
lines. Extensive hydrologic treatment defined as construction of berms, removal/re-routing of drainage lines, use of water control structures. 
3 Differences in between years underlined; differences between treatments in bold (p :5 0.05). 
2004 
4.78 (0.38) 
94.82 (5.64) 
74.19 (8.56) 
1.05 (0.13) 
6.00 (2.52) 
42.08 (5.21) 
12.68 (2.80) 
55.18 (7.54) 
13.19 (2.47) 
13.21 (3.25) 
6.84 (2.39) 
20.00 (6.09) 
-
-
-
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Table 2. Waterfowl and upland game species observed on USDA Farmable Wetland 
Program wetland sites in eastern South Dakota, USA, May - June 2003-2004. 
Detections 
Species Scientific Name 2003 2004 
Waterfowl 
Mallard Anas platyrhynchos 31 40 
Gad wall Anas strepera 3 6 
Blue-winged Teal Anas discors 46 138 
Northern Shoveler Anas clypeata 4 3 
Northern Pintail Anas acuta 1 
Wood Duck Aix sponse 1 
Redhead Aythya americana 1 
Canada Goose Branta canadensis 12 4 
Total 96 194 
Upland Game Birds 
Gray Partridge Perdix perdix 7 
Ring-necked Pheasant Phasianus colchicus 37 
Total 44 
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Table 3. Nest success of waterfowl and ring-necked pheasants nesting in USDA Farmable 
Wetland Program wetland sites in eastern South Dakota, USA, May - June 2004. 
Species N DSR1 Success 2 95% C.I. 
Mallard 10 0.92 5.0 0 - 10.4 
Blue-winged Teal 9 0.88 1.1 0- 9.3 
Gad wall 4 0.93 7.8 2.0 - 13.6 
Total 23 0.92 
Ring-necked Pheasant 13 0.91 3.6 0 - 8.1 
1 Daily Survival Rate= 1 - (#nests I# nest days) (Mayfield 1975). 
2 Percentage nest success calculated following Mayfield (1975) and Johnson (1979). 
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Table 4. Nest-site vegetative characteristics of successful and failed waterfowl and ring-
necked pheasant nests found in USDA Farmable Wetland Program sites in eastern South 
Dakota, USA, May-June 2004. 
Successful (n = 5) Failed (n = 19) 
Variable x SE Range x SE Range p 
Waterfowl Nests 
Vertical density 6.2 0.7 3.75 - 7.5 5.2 0.3 2.75 - 8.5 0.168 
Live vegetation height (cm) 112.0 8.0 85.0- 135.0 98.7 5.5 70.0 - 140.0 0.239 
Standing dead veg height (cm) 76.0 29.3 0.0 - 170.0 86.3 10.7 0.0 - 160.0 0.676 
Litter Depth (cm) 0.8 0.2 0.0 - 1.0 1.2 0.2 0.0 - 4.0 0.382 
Grass cover(%) 59.0 15.0 15.0 - 100.0 58.2 6.6 0.0 - 100.0 0.954 
Forb cover(%) 36.0 16.2 0.0 - 85.0 28.7 6.7 0.0 - 95.0 0.626 
Litter cover(%) 70.0 17.5 0.0 - 90.0 69.2 7.7 0.0 - 95.0 0.963 
Standing dead veg cover (%) 11.0 5.1 0.0 - 30.0 16.6 3.8 0.0 - 60.0 0.467 
Bare ground cover (%) 1.0 1.0 0.0 - 5.0 2.4 1.2 0.0 - 20.0 0.571 
Sedge/Rush cover (%) 0.0 0.0 0.0 0.3 0.3 0.0 - 5.0 0.603 
Distance to edge (m) 13.0 3.0 4.0 - 23.0 16.3 3.9 2.0 - 72.0 0.668 
Distance to basin (m) 60.0 16.3 12.0 - 108.0 31.7 6.8 2.0 - 90.0 O.G75 
Successful (n = 3) Failed (n = 10) 
Ring-necked Pheasant Nests x SE Range x SE Range p 
Vertical density 5.3 1.1 3.3 - 6.8 4.2 0.7 1.8 - 5.8 0.397 
Live vegetation height (cm) 116.7 18.3 80.0 - 135.0 84.9 13.0 14.0 - 160.0 0.209 
Standing dead veg height (cm) 63.3 37.6 0.0 - 130.0 48.8 12.3 0.0 - 115.0 0.602 
Litter Depth (cm) 0.7 0.3 0.0 - 1.0 1.5 0.5 0.0 - 5.0 0.339 
Grass cover(%) 78.3 4.4 70.0 - 85 .0 54.0 8.4 0.0 - 85.0 0.122 
Forb cover(%) 3.3 1.7 0.0 - 5.0 23.0 8.2 5.0 - 80.0 0.190 
Litter cover(%) 86.7 4.4 80.0 - 95.0 66.0 11.1 15.0 - 100.0 0.302 
Standing dead veg cover(%) 23.3 12.0 0.0- 40.0 15.0 3.8 0.0 - 35.0 0.345 
Bare ground cover(%) 0.0 0.0 0.00 9.5 4.1 0.0 - 30.0 0.205 
Sedge/Rush cover (%) 0.0 0.0 0.00 0.0 0.0 0.0 
Distance to edge (m) 15.3 1.5 13.0 - 18.0 31.4 8.2 4.0 - 90.0 0.277 
Distance to basin (m) 52.7 24.5 18.0 - 100.0 45.8 9.4 9.0 - 90.0 0.732 
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Table 5. Estimates of waterfowl nest success from various habitats across the agricultural 
Great Plains of North America. 
Study Year Location Habitat Nest Success (%) 
Fleskes and Klaas 1991 Iowa USFWS Refuge 11.9 
Greenwood et. al. 1995 Prairie Canada Parkland/Prairie 7.0 - 15.0 
Kantrud 1993 North Dakota, Minnesota CRP 11.6 - 59.9 
WPA 2.7 - 11.7 
Luttschwager et. al. 1994 South Dakota CRP 23.4 
McMaster et. al. 2005 Saskatchewan Hayfields 13.0 - 20.0 
Reynolds et. al. 1994 North and South Dakota CRP 22.0 - 25.0 
Reynolds et. al. 2001 South Dakota CRP 11.0 - 12.0 
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CHAPTER 5. GENERAL CONCLUSIONS 
Grassland and wetland habitats in the northern Great Plains have undergone 
substantial modification since settlement. Changes have been especially dramatic in the 
tallgrass region of Minnesota and Iowa, where less than 1 % of native prairies and pothole 
wetlands remain today (Bishop et. al. 1998, Smith 1998, Heard et. al. 2000). Wetland 
modification has been less severe in the Dakotas (35%, Dahl 1990), but small and temporary 
wetlands, the shallowest and most easily drained basins, have been severely impacted 
throughout the PPR. In 2001 the Farmable Wetland Program (FWP), an option under the 
continuous sign-up CRP, was added to the suite of programs available to restore wetlands on 
private land. FWP is unique in its focus on small wet areas in cultivated fields designated as 
prior-converted (PC), or farmed wetland (PW) by the Natural Resources Conservation 
Service (NRCS). The program affords conservationists with an opportunity to restore 
temporary wetlands. I undertook this study in support of resource managers seeking to 
optimize the potential wildlife and environmental benefits of the FWP in Iowa and eastern 
South Dakota. Results from my study allow state and national program managers to 
understand ecological consequences of the FWP and enable NRCS field staff and their 
conservation partners to do a better job of planning, implementing, managing, and 
maintaining FWP sites for wildlife. 
This study was conducted in north-central Iowa and eastern South Dakota. Specific 
objectives of the Iowa portion of my study were to evaluate avian, aquatic invertebrate and 
plat occurrences in Iowa FWP restorations in relation to hydrologic and vegetative 
treatments, site size, and surrounding landscape features. In South Dakota my objective was 
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to evaluate ring-necked pheasant use of FWP sites in relation to hydrologic and vegetative 
treatments and site size. My results were strongly influenced by the youthfulness of FWP 
sites (all 2-3 years post-restoration) and altered hydrologic conditions of the region. Major 
findings are reported below. 
Site hydrology.-Flooding of FWP changed both seasonally and annually, and 
differed between hydrologic treatments during my fieldwork. Temporary wetlands typically 
experience peak flooding in spring after snowmelt; however, this pattern was not observed in 
FWP sites in either year of my study. Surface water quickly flooded FWP sites following 
major rain events. Nonetheless, maximally 70% of FWP sites with extensive hydrologic 
treatments and 30% of FWP basins with minimal hydrologic treatment were flooded at any 
one time. Thus, it is apparent wetland managers seeking to restore temporary wetlands in the 
southern PPR likely will continue to be challenged by lack of adequate residual cover in the 
watershed to capture snow, and vast networks of drainage systems that move water quickly 
off the land, undermining the ability of individual basins to hold water, and effectively 
lowering the water table. Additionally, continued cultivation of adjacent lands will continue 
to make it difficult to replicate natural flooding regimes. 
FWP Vegetation.-Vegetation structure and compositional variables were similar at 
FWP sites irrespective of their vegetative and hydrologic treatments. Cultivated sites 
partitioned themselves from treatment sites, but cluster analysis did not partition cool- and 
warm-season plantings in any discemable way. Similarities in vegetative structure probably 
were related to youthfulness of FWP plantings. Relative ease or practitioners familiarity with 
establishment procedures for cool-season plantings, emphasis on establishment of robust 
structure in seed mixtures used in my study, and perhaps lack of initial follow-up vegetative 
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management for warm-season stands may have masked differences in planting mixtures. No 
sites had had experienced more than two growing seasons at the start of my study. Cool-
season planting mixtures typically establish more quickly than do warm-season plantings; 
however, neither planting mixture in my study may have matured long enough to provide 
distinguishable differences. None of my study sites received follow-up management 
recommended for establishment of warm-season plants (USDA 1997). Consequently, 
disturbance adapted species likely persisted in all sites longer than would have been the case 
than if warm-season plantings had received prescribed follow-up practices. 
Avian occurrences.-Size of the restored site was related to bird occurrence. Levels 
of hydrologic treatment did not differ in bird use. FWP sites received more bird use than 
cultivated sites, but I found no differences in bird use between extensive and minimal 
hydrologic treatments. Live vegetation height and density as well as forb cover were 
important explanatory factors of bird use. Landscape factors were of limited usefulness in 
understanding bird use of FWP sites. I attributed poor model performance to the lack of 
variation in the intensely agricultural landscapes surrounding FWP sites in my study. As in 
other studies of bird use of habitats with high edge to area ratios, I found high avian use, but 
low nesting success on FWP sites. Priority should be given to FWP applications located in 
areas with substantial amounts of existing perennial habitat in the landscape to reduce 
negative influences on nest success. Managers should consider plantings including separate 
wetland and upland species in seeding mixes that will provide diverse structure and cover 
types for wetland and grassland birds. Additionally, better follow-up management of warm-
season planting mixes will promote diverse structure within these plantings. 
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Invertebrate and seed occurrences.-1 identified 25 invertebrate taxa and seeds from 
59 species of plants in soil cores taken from wetlands. Gastropods were the most abundant 
invertebrate taxa. Invertebrate taxa richness, abundance, and biomass differed between years 
and changed seasonally, but did not differ between hydrologic treatments as predicted. 
Invertebrate abundance and biomass was lower in 2004, in spite of increased flooding. The 
invertebrate community of FWP wetlands was characteristically simple, but invertebrate 
abundances were low and species typically found in temporary wetlands were conspicuously 
absent. I attributed species absences and low abundances to the extended period that basins 
had been under cultivation, their isolation, lack of detritus, "youthfulness" of FWP sites, 
altered hydroperiod, and perhaps impacts from continued agricultural practices on adjacent 
lands (e.g., increased sedimentation and agrochemicals). Seed occurrences did not differ 
between minimal and extensive hydrologic treatments, and were dominated by disturbance 
adapted species (e.g., Amaranthus and Echinochloa). To accelerate the recolonization of 
FWP sites by aquatic invertebrates and plants, inoculations of sediments from healthy 
temporary basins may be required. 
Waterfowl and ring-necked pheasants.-Waterfowl species richness and abundance 
were also positively related to site size. Nesting waterfowl and pheasants were heavily 
predated by mammals; successful nests tended to be in taller, denser cover and located 
farther from restored wetland basins. In the future, resource managers should seek to restore 
original site hydrology to the fullest extent possible, and encourage landowners to maximize 
site size within program limitations in order to provide more nesting habitat away from 
edges. Planting mixtures should include species that will yield tall and dense nesting cover. 
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FUTURE STUDY 
Future research efforts on FWP and similar habitats should be focused on increasing 
understanding of bird reproductive parameters within these small habitats. Evidence from 
my study would suggest that FWP habitats provide potentially valuable habitats for several 
non-game species of conservation concern, but may pose risks for game birds. Additional 
research on hydrologic responses (i.e., timing of flooding, duration of flooding) may provide 
further insight into the value temporary wetlands in the southern prairie pothole region to 
migrating waterfow 1 and shorebirds. As FWP acreages increase both throughout the prairie 
pothole region and elsewhere, further research into the program's influence on landscape 
patterns may offer more details of the value of small conservation easements to wildlife on a 
broader scale. 
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APPENDIX 1. LEGAL DESCRIPTIONS, TREATMENTS, AND AREA OF 
FARMABLE WETLAND PROGRAM AND CONTROL SITES, NORTH-CENTRAL 
IOWA, USA, 2003 - 2004. 
Soil Hydrologic Vegetative 
Count~ Site TownshiE Ran~e Section T~e treatment treatment Area (ac) 
Hancock Britt 11 T-96N R-25W 11 6 Extensive Warm-season 9.6 
Hancock Liberty 28 T-95N R-24W 28 6 Control Row-crop 8.0 
Hancock Twin Lakes 11 T-94N R-24W 11 6 Minimal Warm-season 7.6 
Hancock Twin Lakes 29 T-94N R-24W 29 n/a Minimal Warm-season 32.4 
Humboldt Corinth 9 T-91N R-29W 9 6 Extensive Warm-season 6.1 
Humboldt Grove 16 T-92N R-28W 16 6 Control Row-crop 12.0 
Humboldt Humboldt 17 T-93N R-28W 17 236B Minimal Cool-season 2.8 
Humboldt Humboldt 28 T-93N R-28W 28 6 Minimal Cool-season 12.0 
Humboldt Norway2 T-91N R-27W 2 90 Extensive Warm-season 14.4 
Humboldt Rutland 16 T-92N R-29W 16 6 Control Row-crop 20.0 
Humboldt Vernon 11 T-93N R-27W 11 956 Minimal Cool-season 26.7 
Humboldt Wacousta 12 T-93N R-30W 12 6 Minimal Warm-season 18.8 
Humboldt Weaver 8 T-91N R-30W 8 6 Minimal Warm-season 40.0 
Kossuth Buffalo 2 T-97N R-27W 2 6 Extensive Cool-season 6.7 
Kossuth Burt 19 T-97N R-29W 19 90 Extensive Cool-season 8.0 
Kossuth Burt 26 T-97N R-29W 26 6 Minimal Cool-season 9.6 
Kossuth Eagle 29 T-lOON R-30W 29 6 Extensive Cool-season 21.6 
Kossuth German 29 T-98N R-27W 29 90 Extensive Cool-season 12.9 
Kossuth Greenwood 29 T-98N R-29W 29 6 Minimal Cool-season 32.3 
Kossuth Ledyard 16 T-99N R-28W 16 6 Control Row-crop 8.0 
Kossuth Ledyard 23 T-99N R-28W 23 90 Minimal Cool-season 3.0 
Kossuth Lincoln 7 T-99N R-27W 7 6 Extensive Cool-season 18.7 
Kossuth Lincoln 17 T-99N R-27W 17 90 Extensive Cool-season 12.8 
Kossuth Lincoln 21 T-99N R-27W 21 6 Minimal Warm-season 14.9 
Kossuth Seneca 1 T-98N R-30W 1 6 Extensive Cool-season 38.0 
Kossuth Seneca 5 T-98N R-30W 5 6/507 Extensive Cool-season 8.0 
Kossuth Seneca 21 T-98N R-30W 21 90 Extensive Warm-season 38.4 
Kossuth Seneca 29 T-98N R-30W 29 6 Minimal Cool-season 14.3 
Kossuth Seneca 36 T-98N R-30W 36 6 Minimal Warm-season 38.5 
Kossuth Sherman 28 T-94N R-28W 28 6 Control Row-crop 10.0 
Kossuth Springfield 15 T-lOON R-28W 15 28C2 Extensive Cool-season 4.4 
Kossuth Swea 10 T-99N R-30W 10 90 Extensive Warm-season 15.2 
Kossuth Swea 36 T-99N R-30W 36 90 Minimal Cool-season 18.7 
Kossuth Union 6 T-96N R-29W 6 9016 Extensive Warm-season 40.0 
Kossuth Wesley 10 T-96N R-27W 10 6 Control Row-crop 20.0 
Kossuth Wesley 13 T-96N R-27W 13 6 Extensive Cool-season 15.6 
Kossuth Wesley 21 * T-96N R-27W 21 6 Control Row-crop 10.0 
Kossuth Wesley 28 /\ T-96N R-27W 28 6 Control Row-crop 10.0 
Kossuth Wesley 31 T-96N R-27W 31 221 Control Row-crop 20.0 
Kossuth Wesley 33 T-96N R-27W 33 6 Extensive Cool-season 2.7 
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Soil Hydrologic Vegetative 
County Site Township Range Section Type Treatment Treatment Size 
Wright Belmond 11 T-93N R-24W 11 6/107 Extensive Cool-season 29.4 
Wright Belmond 22 T-93N R-24W 22 6 Control Row-crop 12.0 
Wright Belmond 27 T-93N R-24W 27 6 Minimal Cool-season 20.8 
Wright Belmond 29 T-93N R-24W 29 6 Minimal Cool-season 4.4 
Wright Grant 4 T-92N R-24W 4 90 Minimal Warm-season 38.7 
Wright Grant 9 T-92N R-24W 9 90/221 Minimal Cool-season 35.2 
Wright Grant 13" T-92N R-24W 13 6 Control Row-crop 11.0 
Wright Grant 15 T-92N R-24W 15 27B Minimal Warm-season 6.1 
Wright Grant 21 T-92N R-24W 21 1507 Control Row-crop 6.0 
Wright Iowa 3 T-92N R-23W 3 4 Minimal Warm-season 5.0 
Wright Iowa 7 T-92N R-23W 7 6 Minimal Warm-season 4.8 
Wright Iowa 7 * T-92N R-23W 7 6 Control Row-crop 11.4 
Wright Iowa 14 T-92N R-23W 14 6 Extensive Warm-season 8.9 
Wright Lincoln 26 T-91N R-24W 26 6 Minimal Warm-season 16.8 
Wright Norway 12 T-93N R-25W 12 6 Minimal Warm-season 26.4 
Wright Norway 20 T-93N R-25W 20 4 Extensive Warm-season 7.3 
Wright Norway 24 T-93N R-25W 24 6 Minimal Warm-season 3.3 
Wright Norway 27 T-93N R-25W 27 507 Control Row-crop 10.0 
Wright Vernon 16 T-90N R-23W 16 507/6 Extensive Warm-season 25.2 
Wright Vernon 17 T-90N R-23W 17 507 Extensive Cool-season 16.0 
Wright Wall Lake 35 T-90N R-24W 35 6 Extensive Warm-season 23.5 
Wright Woolstock 29 T-90N R-25W 29 508 Extensive Warm-season 20.0 
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APPENDIX 2. SPECIES, OCCURRENCES, AND AFFILIATIONS OF BIRDS 
OBSERVED AT FARMABLE WETLAND PROGRAM AND CONTROL SITES, 
NORTH-CENTRAL IOWA, USA, 2003 - 2004. 
Number observed: 
SEecies Habitat Suite PIF Score 2003 2004 
Great Blue Heron Ardea herodias Wetland 15 1 
Canada Goose Branta canadensis Wetland 13 10 4 
Mallard Anas platyrhynchos Wetland 15 27 66 
Gad wall Anas strepera Wetland 15 2 
Green-winged Teal Anas crecca Wetland 14 1 2 
Blue-winged Teal Anas discors Wetland 18 2 33 
Northern Shoveler Anas clypeata Wetland 14 2 
Ruddy Duck Oxyura jamaicensis Wetland 18 9 
Northern Harrier Circus cyaneus Grassland 19 2 
Red-tailed Hawk Buteo jamaicensis Generalist 13 1 
Gray Partridge Perdix perdix Grassland 17 2 
Ring-necked Pheasant Phasianus colchicus Grassland 14 15 14 
American Coot Fulica americana Wetland 15 16 
Sora Porzana carolina Wetland 15 2 
American Golden Plover Pluvialis dominica Grassland 1 
Killdeer Charadrius vociferous Wetland 17 35 46 
Greater Yellowlegs Tringa melanoleuca Wetland 4 9 
Lesser Yellowlegs Tringa flavipes Wetland 6 6 
Solitary Sandpiper Tringa solitaria Wetland 1 
Spotted Sandpiper Actitis macularia Wetland 15 
Upland Sandpiper Bartramia longicauda Grassland 20 1 
Semi-palmated Sandpiper Calidris pusilla Wetland 7 3 
Least Sandpiper Calidris minutilla Wetland 13 
Mourning Dove 'Zenaida macroura Generalist 13 19 13 
Rock Dove Columba Livia Generalist 15 1 
Willow Flycatcher Empidonax traillii Wetland 18 
Eastern Kingbird Tyrannus tyrannus Generalist 15 3 
Tree Swallow Tachycineta bicolor Generalist 15 11 10 
Barn Swallow Hirundo rustica Generalist 14 34 47 
Horned Lark Eremophila alpestris Grassland 11 4 
Sedge Wren Cistothorus platensis Grassland 25 31 126 
Marsh Wren Cistothorus palustris Wetland 23 3 4 
American Robin Turdus migratorius Generalist 11 7 9 
Yellow Warbler Dendroica petechia Generalist 13 1 
Common Yellowthroat Geothlypis trichas Grassland 16 73 58 
Dickcissel Spiza americana Grassland 24 180 148 
Grasshopper Sparrow Ammodramus savannarum Grassland 20 185 139 
Henslow's Sparrow Ammodramus henslowii Grassland 25 1 
Nelson's Sharp-tailed Sparrow Ammodramus nelsoni Wetland 25 3 
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Observed: 
Species Habitat Suite PIF Score 2003 2004 
Savannah Sparrow Passerculus sandwichensis Grassland 14 12 95 
Vesper Sparrow Poocetes gramineus Grassland 19 22 3 
Song Sparrow Melospiza melodia Grassland 13 10 38 
Swamp Sparrow Melospiza georgiana Wetland 16 9 
Western Meadowlark Stumella neglecta Grassland 18 15 1 
Eastern Meadowlark Stumella magna Grassland 15 
Bobolink Dolichonyx oryzivorus Grassland 23 61 44 
Brown-headed Cowbird Molothrus ater Grassland 12 8 5 
Yellow-headed Blackbird Xanthocephalus xanthocephalus Wetland 21 26 63 
Red-winged Blackbird Agelaius phoeniceus Generalist 15 384 367 
Common Grackle Quiscala quiscala Generalist 14 21 31 
American Goldfinch Cardelis tristis Generalist 13 5 14 
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APPENDIX 3. NESTING SPECIES AND NUMBER OF ACTIVE NESTS FOUND ON 
FARMABLE WETLAND PROGRAM AND CONTROL SITES IN NORTH-
CENTRAL IOWA, USA, 2004. 
Species Active Nests 
American Bittern Botaurus lentiginosus 1 
Mallard Anas platyrhynchos 7 
Ring-necked Pheasant Phasianus colchicus 10 
Virgina Rail Rallus limicola 1 
Sora Porzana carolina 1 
Mourning Dove Zenaida macroura 1 
Horned Lark Eremophila alpestris 1 
Sedge Wren Cistothorus platensis 7 
Marsh Wren Cistothorus palustris 1 
Dickcissel Spiza americana 10 
Grasshopper Sparrow Ammodramus savannarum 2 
Savannah Sparrow Passerculus sandwichensis 1 
Song Sparrow Melospiza melodia 2 
Western Meadowlark Stumella neglecta 2 
Brown-headed Cowbird1 Molothrus ater 1 n/a 
Yell ow-headed Blackbird Xanthocephalus xanthocephalus 8 
Red-winged Blackbird Agelaius phoeniceus 119 
1 Nest parasite of three other species: red-winged blackbird (Agelaius phoeniceus), dickcissel 
(Spiza Americana), and yellow-headed blackbird (Xanothocephalus xanothocephalus). 
